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Botanists — 


You Will Want This New Catalog of Outstanding 
Plant Kodachromes 


© We have just published a 12-page illustrated list of the several hundred 
new botanical kodachromes made for us by Professor William Randolph 
Taylor of the Department of Botany at the University of Michigan. These 
include many habit studies of algae and a large series of detailed photo- 
graphs of entire flowers, dissected flowers and floral parts. Professor 
Taylor is not only internationally famous as a botanist, but is a photog- 
rapher of exceptional talent, and his kodachromes are outstanding in 
every way. We are proud to present this new collection to our customers 
and we believe that every botanist will find much of interest in the catalog 
which is now ready for mailing. 
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Unwarmed by any sunset light 

The gray day darkened into night, 

A night made hoary with the swarm 

And whirl-dance of the blinding storm, 

As zigzag wavering to and fro 

Crossed and recrossed the winged snow: 
And ere the early bedtime came 

The white drift piled the window-frame, 
And through the glass the clothes-line posts 
Looked in like tall and sheeted ghosts. 


—‘Snow Bound” 
Joun G. WHITTIER 
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PREVENTING STAGNATION 
JosErpH A. MAck 
St. Michael High School, Chicago 14, Illinois 


That tenure in teaching is a most desirable thing no one will dare 
gainsay. Security in a profession is one of the necessary conditions 
for doing efficient and successful work. But human nature being what 
it is, tenure may become the cause for work deteriorating as it be- 
comes increasingly routine. The younger our pupils, the more they 
are sensitive to every change in their teachers. Even in the days when 
the teaching profession was not as developed and organized as it is 
today Goldsmith could make his sly remark: ‘‘well had the boding 
tremblers learned to trace the day’s disasters in his morning face. . . 
full well the busy whisper, circling round, conveyed the dismal tid- 
ings when he frowned.” 

Boredom in a teacher’s presentation of subject matter is con- 
tageous. Even when teachers are cognizant of this danger they are 
capable of spreading their contageous languor. But teachers are not to 
be blamed too much for these conditions. After all, when one has 
taught the same courses consecutively for ten, twenty, or more years, 
it means for the teacher that he is once more just trotting out into the 
arena the same old elephants to put them through their paces, new 
indeed to the pupils, but definitely ‘‘old hat” to the teachers. 

Though we teachers are classed among the learned professions, we 
could take lessons from the circus people: fanfare, barker, ringmaster, 
band, lights, etc., to make their things seem important. We have com- 
parable embellishments in our profession though they may not be 
quite so glamorous. But the element of enthusiasm in presentation 
cannot be substituted simply by the use of teaching aids. The problem 
clearly seems to be how can a teacher maintain genuine enthusiasm— 
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not that mere hurried exposition of subject matter which deceives no 
one for the genuine enthusiasm of the “red hot’”’ teacher. 

Curricular Revision was for a while the catchword. Continuous cur- 
ricular revision claimed to ward off so many educational evils that it 
was proposed as a panacea. The chapge of a text, a laboratory man- 
ual, or new tests are of themselves more of a stimulus to teachers who 
must make the necessary adjustments than they are to pupils who 
may even be unaware of the changes. So also does the jostling of 
visual aids affect teachers a bit, while the pupils, being a new audi- 
ence, may neither know nor care about the change. A radical change 
in a course will affect the teacher to a complete reorientation of his 
work. 

High school student population thirty years ago was completely 
different from that in attendance today. While in the long ago every 
pupil in high school hoped to enter college, though for one reason or 
another some few did not, today’s student population’s schooling is 
known to be preponderantly terminal with its high school days. For 
about twenty per cent there is hope to enter college. Even at this op- 
timistic figure, college preparatory courses find small justification 
today. But by the same logic such courses are not ruled out entirely. 

Why not teach subject matter at two levels? Several years have 
passed since we introduced Terminal Algebra as an alternate to Alge- 
bra I. The name of the former is descriptive of its nature and purpose. 
The latter course is to be followed by the usual mathematics sequence. 
In like manner we proposed a College Preparatory Physics course 
and another called Terminal Physics. Who is assigned to the terminal 
courses? In Algebra it is the slow learner, the pupil with reading dif- 
ficulty, with a poor arithmetic history from the grade school. To the 
Terminal Physics course no one is assigned. It is entirely elective. 
Who is counselled to it? Those pupils who do not expect to go to col- 
lege and those whose previous mathematics grades in high school 
were low. 

For the course teacher as well as for the administration this two 
level teaching requires adjustments in several areas. The teacher and 
the administration must both set up new standards of achievement. 
Because the college preparatory course is squarely based on mathe- 
matics, a text for it must then be chosen which will require mathema- 
tical solutions of its problems. In the Terminal Physics course a text 
is needed which requires verbal solutions to half or more of the prob- 
lems assigned. Terminal Physics requires on the part of the pupil only 
the elementary arithmetic skills plus the ability to handle a simple 
algebraic equation in one variable. On the part of the teacher who 
must provide two parallel science courses which may not have the 
same sequence of subject matter in both demonstration and labora- 
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tory work, two level teaching requires a quick change of equipment. 
The alternative procedure is that the sequence of one text is followed 
and the other text’s material is rearranged so as to correspond to the 
first text. 

A change in laboratory manual is more difficult to make than a 
change of text. A manual must be found which is compatible in its 
apparatus requirements with the equipment existing from the former 
manual. When a new manual differs only in the degree of accuracy 
required in the results, or calls for no written report other than a 
furnished tabular form to be filled in, or when fewer sections of a 
given experiment are to be completed during one laboratory period, 
the transition is an easy one. To find such a compatible manual is 
quite a job. 

The change to a new set of achievement tests effects only the 
teacher, as the pupils are unaware of such a change from the previous 
year’s set. In schools which favor reviews as a procedure to keep in- 
terest alive during the last days of the school year, a comprehensive 
examination is in order. The value of this procedure must be experi- 
enced to be appreciated. Such an examination may be any achieve- 
ment test series, e.g., Glenn-Obourn.' It is common experience that 
on the first and second days of the series the scores are low, but as 
the pupil becomes convinced that this is no mere gesture, test results 
improve. It is advisable to use a different achievement test series 
during the year from that used in the comprehensive examinations. 
Three tests are assigned per period. These tests must be chosen so 
as to correspond to the subject matter sequence of the text. 

‘Blessed is the man with adequate library facilities; he need never 
fear the doldrums of teaching. 

“Blessed is the man with adequate library facilities; his spirit is 
nourished thereby and remains young forever.” 

Just what are adequate library facilities? Much depends on the in- 
dividual teacher, his ambitions, abilities, time and energy. For some 
teachers a dozen or more school texts through which he can rummage 
are sufficient to keep him developing and perfecting his demonstra- 
tions. For other teachers a dozen or more laboratory manuals which 
will furnish him ideas to improve this important segment of science 
teaching are sufficient. For him no laboratory period that went com- 
pletely haywire is cause for depression. He can plan a different ap- 
proach for the coming year. He may also develop variations and adap- 
tations to replace experiments found unsuitable to the present stu- 
dent population. Still other teachers profit immensely from the per- 
usal of science journals, not only the current numbers but more 


1 Glenn-Obourn, Jnsiructional Tests in Physics for High Schools and Colleges. World Book Company, 1930. 
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especially the bound volumes. Thus where ScHooL SCIENCE AND 
MATHEMATICS or Science Education or even Popular Science can be 
drawn from the Public Library a teacher need never stagnate. After 
the first perusal of a year or more ago, now that the teacher has more 
experience both good and bad, there is still gold to be gleaned from 
journal articles. This may also be the reason why libraries jealously 
guard their bound volumes and issue them For Reference Only. It is 
not the intention of the author to limit his recommendation only to 
the journals mentioned, but to include all science journals of specific 
fields. The result of library research can be a mental rejuvenation, a 
new interest in teaching life. It may stimulate him to do some writing 
or reporting of one’s own experimentation. 

After the beginning teacher has organized his work into lessons of 
sufficient length, chosen the assignments, determined which demon- 
strations he shall use to emphasize and actualize the theory, he will 
find too many experiments for some areas and too few for others. He 
will certainly find that some experiments described in his text for 
teacher demonstration are unsatisfactory to a greater or lesser degree. 
Depending on his personality he will then do one of several things. 
For the felt need for better or more demonstrations there are several 
adequate responses: (1) search in other texts, (2) search in educational 
and scientific journals, (3) improvement of existing demonstrations 
which might be termed an adaptation or variation, (4) invention. Of 
these the last mentioned is for the gifted teacher. The less gifted 
teacher should persue his problem with persistency over a long period 
of time till an adequate demonstration is found. Long and tedious 
search through journals can be shortened by the use of indexes and 
abstractions. There is no royal road to achievement, but only hard 
labor. Once the correct attitude is established—that this problem like 
any other can be solved by persistence—half the battle is won. In 
the adaptation of demonstrations from whatever source, text or jour- 
nal, or even when pure invention is the source, tools are needed. But 
the lack of tools or materials never prevented true enthusiasm from 
achieving its goal. Such a lack just makes life a bit more difficult. 

With the experience of years comes the certitude of what consti- 
tutes desirable laboratory work for a given locality and its present 
population. Of necessity this selection can hardly agree perfectly 
with existing sequences in printed manuals. A teacher recognizing 
such conditions may find it necessary to make large variations from 
the printed procedures in manuals. He will also adapt the extant 
equipment to new procedures or even modify some apparatus. Even- 
tually he will redesign some apparatus. These are the things which 
should be reported in our journal. 

How often has it not happened to everyone of us while paging 
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through a book, a new text, a laboratory manual, or even a magazine 
that some illustration struck us as being so very appropriate that we 
wished the authors of the text to which we are committed had used 
this picture or diagram. Why not copy it? Photo-copying is generally 
considered too expensive. One solution is the use of the opaque pro- 
jector. But during the months of May, June, and September such a 
procedure may work positive hardship, because opaque projection 
requires thorough darkening of a room. In warm weather unless the 
ventillation system is quite adequate the darkened room is precluded. 

The alternative is to use transparencies, either of color or black 
and white. We are not advocating commercial film roll, but rather 
teacher prepared and selected subjects. This requires photographic 
equipment such as a copying camera, etc., plus the necessary skills 
and knowhow. If the teacher is inexperienced in this work he may 
enlist the help of students who at times become enthusiastic at their 
hobby and offer such transparencies free of charge. The cost of black 
and white 35 mm. mounted transparencies is under five cents each, 
while the colored ones can be had for less than twenty-five cents. 
Diagrams are projected directly from the negative as this gives better 
reading ability than from a positive print. 

The author has a few specific instances in mind. Recently an oil 
refining company used sectional views of various machinery as ad- 
vertising of its lubricants. To save these pages meant mutilation of 
magazines. Copying them leaves everything intact and everybody 
happy. Copyright laws suffer no infringements. Another case in mind 
is that of a colleague physics teacher who has accumulated quite a 
library of black and white transparencies. If he feels that class in- 
terest lags, out come the transparencies. The room needs no thorough 
darkening because a highpower (500 w.) lamp is used with a blower.? 
A lightcolored wall of the classroom is the screen. He is utterly sold 
on the procedure. His library of transparencies is continually growing, 
yet he does not hesitate to cull any slide in favor of a newer one which 
took his fancy. Needless to say, every lesson is given with utter 
enthusiasm. 

But photocopying is not limited to transparencies. Paper prints 
can be made of illustrations, even colored ones, of diagrams, or of 
ordinary print by the photo-reflex process.* A paper reflex copy is 
first made and then the positive black on white is printed from this 
paper negative. The expense is reasonable. Home built equipment 
works quite as well as company constructed ones. The cost for 500 
sheets 83 X11 including the chemicals is about six dollars. Roughly 
this means 500 journal pages can be copied at this price. The paper is 


2 Viewlex, Inc. 35-01 Queens Blvd., Long Island City, New York. 
* APECO, American Photocopy Equipment Co., 2849 N. Clark St., Chicago 14, Illinois. 
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quite durable, and could be used to build a library. Even laboratory 
exercises can be reproduced by this process. Mimeograph or alcohol 
duplicator work is to be preferred for more ephemeral work. A photo- 
positive copy can also be made directly on paper, but this process re- 
quires rather accurate timing and some experience. 

While Ponce de Leon sought perpetual youth of body which he 
never attained, we might emulate him in seeking perpetual youth of 
spirit. Shall we put off our rejuvenation till some administrative 
officer jabs the needle of stimulation into us, or shall we voluntarily 
do something about it ourselves? When stagnation due to routine 
threatens, take a Stimulation Tablet. The Stimulation Tablets are 
by no means placebos. One may even gag a bit on them. Unlike 
medical prescription, each tablet is different, and thus more suited to 
individual needs and taste. 


TWENTY-FIVE STIMULATION TABLETS 
R Take one when needed 


1. Self-examination and self-criticism for diminution of enthusiasm. 
2. A change of text; imposed or requested. 
3. A change of laboratory manual. 
4. Curricular revision at the subject matter level. 
5. Revision of laboratory exercises; inclusions and deletions. 
6. Stimulation through journal reading and research. 
. Stimulation through convention attendance. 
8. Invention of apparatus and its reporting to journals. 
9. Revision of teaching procedures. 
10. Revision and extension of demonstrations. 
11. Attendance at summer school, science and education courses. 
12. Employment as research assistant during vacation. 
13. Correspondence with Association members. 
14. Rotation within the same school system. 
15. Preparation of and reorganization of visual aids. 
16. Visits to science museums, displays and fairs. 
17. Attendance at local teachers’ and scientists’ meetings. 
18. Inter-school visitation on school days for observation. 
19. Perusal of scientific supply house catalogues. 
20. Visits to manufacturers’ displays; those employing scientific controls. 
21. A change of achievement test series with comparison to previous results. 
22. Science Club activities. 
23. Continuous and unannounced inspection and supervision by experts in sub- 
ject matter. 
24. Sectioning of pupils on ability levels. 
25. Time off for one’s own projects; test construction, apparatus repair, etc. 








OUR POPULATION GROWS 


The 34 year gain is more than the total population in 1950 of the state of 
Illinois and substantially exceeds the total population in 1950 of Ohio or Texas. 
It is only a little under the total population of the six New England States. 
The population gain is more than twice the total population of Indiana, 3,394,224, 
in 1950. 








ALL PARABOLAS ARE SIMILAR 
RAY JURGENSEN 
Culver Military Academy, Culver, Indiana 
Given any two parabolas, it is possible to photograph each parabola 
and then enlarge one photograph enough so that a portion of its 
parabola becomes congruent to the parabola of the non-enlarged 
photograph. 


If either or both of these statements is made to a group, particu- 
larly while the graphs are on display, strong responses are apt to fol- 
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low. Too many can tell by looking, even when much more of 
y = 1/102? is drawn, that the statements can’t be true. 

But draw the parabolas on new sets of axes with appropriate 
changes in scale, and congruence of the new curves is evident. Since, 
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in each of the four graphs, the horizontal scale is the same as the ver- 
tical scale, similarity of the original parabolas is implied. In general, 
given y =ax" and y=dx", we merely choose scales for the two drawings 
in the ratio a:6. Translation and rotation of axes can be employed to 
dispose of parabolas whose equations are more general. 

How can a picture of y = ax? be enlarged to yield a picture of y = bx’, 
for a>b? Enlarge the picture of y =ax* to make it a/b times its origi- 
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nal size (linearly.) Then take from the enlargement that lower por- 
tion which includes the same length of arc as was pictured in y = ba”. 

Up to this point we have been dealing with similarity in its ordinary 
intuitive sense, and trick enlarging has been avoided. Leaving the 
idea of similarity behind, we can use trick enlarging (but shall instead 
use rubber sheets) to show another way of making y= ax? and y= bx? 
fit. Draw y =a? on a rubber sheet two units wide, and draw y= bx? 
on another two unit sheet. 
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Stretch the second rubber band vertically until it is a/b times its 
original length. The point (x, yi), where y:=6x,’, now moves into the 
point (%1’, y:’). In terms of the original unit, 


a 
yy’ =— wn =— bx? = ax)". 
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Finally we mention three little problems dealing with £ 


.2 2 
Ge) 
a® =}? 
x? y?| 
(+2 = ) ? 
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where each ellipse is on its own sheet. Find relationships for a, ), c, d, 
such that 


and F 


1. A one-way stretch of E yields F. 
2. A two-way stretch of E yields F. 
3. A horizontal stretch of E and a vertical stretch of F yield congruent ellipses. 





NEW MAGAZINE FOR TEACHERS OF ARITHMETIC 


The Arithmetic Teacher, a new journal for teachers of arithmetic, has just been 
announced by the National Council of Teachers of Mathematics. 

The Arithmetic Teacher has been planned to fill a long-felt need for more as- 
sistance to teachers of arithmetic. It will be devoted to the improvement of the 
teaching of mathematics in kindergarten and in all the grades of the elementary 
school. No other journal of this type is now published. The new magazine will 
be a companion journal to the well known Mathematics Teacher, now in its forty- 
sixth year of publication. Persons interested in the broad field of mathematics 
education will want to read both journals. 

The new journal will be issued four times each year during the months of 
October, December, February, and April. The first issue will be published in 
February 1954. Distribution will be on a subscription basis. The subscription 
price will be $1.50 per year to individuals and $2.50 per year to schools, libraries, 
and other institutions. There will be an additional charge of 10¢ for mailing to 
Canada and 25¢ for mailing to foreign countries. 

Subscriptions should be addressed to: National Council of Teachers of Mathe- 
matics, 1201 Sixteenth Street, N. W., Washington 6, D. C. 


THE WAY TO FREEDOM 


“We Americans have lived so long in freedom that sometimes we forget that 
freedom has to be re-won by every generation. 

“There is no magic way to freedom. You can’t stretch out your hand and 
snatch it from the air. The desire for freedom must be deep inside you. Even 
though we live in one world—a world in which we must participate to keep peace 

we cannot afford to neglect the problems in our own communities or those 
within our own souls. Our republic is threatened by any individual who sur- 
renders his own liberties or neglects his own responsibilities. 

“Our forefathers came to this country carrying the Bible in their hands and 
an abiding faith in their hearts. They believed God intended man to live in dig- 
nity and freedom and they were willing to work and sacrifice to give substance 
to this belief. This, then, is our American heritage. And when will we come to 
realize that this heritage is threatened? THE TIME IS NOW.” —Mrs. Oscar A. 
Ahlgren, Whiting, Ind., president of the General Federation of Women’s Clubs. 











ALGEBRA IN THE TRAINING OF TEACHERS 


W. R. Utz 
University of Missouri, Columbia, Mo. 


Traditionally the secondary and junior college teacher trained 
to teach mathematics has gone as far as possible or convenient in 
the algebra, trigonometry, analytic geometry, calculus sequence of 
courses. For those who are to teach analytic geometry or calculus 
this sequence, at least, is necessary. For the secondary school teacher 
whose teaching is in algebra, geometry and trigonometry, it is debat- 
able as to whether the analytics and calculus should not be replaced, 
in part at least, by courses more closely related to the subjects which 
will eventually be taught. The argument against the traditional se- 
quence is especially strong in cases where analytics and calculus 
total upwards to fifteen hours in the student’s program. A very few 
colleges offer a one or two semester unified course in analytics and 
calculus which is suitable for the preparation of secondary school 
teachers. 

The total curriculum for teachers of mathematics is beyond the 
scope of this paper as our concern here is for the algebraic part of 
the curriculum. For convenience we classify these teachers into four 
classes according to their training: (1) those who take a strong under- 
graduate major in mathematics including courses beyond the calcu- 
lus, (2) those who take only the algebra through calculus sequence, 
(3) those who hope or suspect that they will teach secondary school 
mathematics but terminate their training short of the calculus and 
(4) those who happen to take a course or two in mathematics with 
the intention of teaching something else but discover upon gradua- 
tion, or later, that it is desirable to teach mathematics. 

It is practically certain that a mathematics teacher will teach alge- 
bra at some time in his career yet the training he receives in algebra 
is, at best, meager. Except possibly for the teachers in our classifica- 
tion (1) who may have considered algebra per se in a course beyond 
the calculus, the students’ only contact with algebra is often a single 
course which reviews preparatory school algebra and provides the 
algebra essential for the mastery of analytics and calculus. Any alge- 
bra course beyond this course is valuable. Often a course in the theory 
of equations or in matrices, determinants and forms is available. 
A course in the theory of numbers is usually offered in the larger 
schools. These courses, the theory of numbers less than the other two, 
require familiarity with algebraic processes and one must recognize 
them as helpful to those students who are prepared to take them and 
willing to do so. 
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ALGEBRA IN THE TRAINING OF TEACHERS il 


During the past twenty years some schools have added undergradu- 
ate or beginning graduate courses in abstract algebra. While these 
courses are still not commonly taken in teacher training it is en- 
couraging to see that the availability of such courses has increased. 
Such a course usually treats the more common algebraic systems such 
as groups, fields, rings, etc.—all of which can be illustrated by the 
use of the complex numbers and subsets of the complex numbers 
under one or more operations. This course is almost always “‘pure”’ 
algebra and requires little technique carried over from previous 
algebra courses. Although the calculus is not directly helpful in such 
a course, it is usually a prerequisite as it is a certificate of some 
mathematical maturity. 

If an undergraduate has time for only one algebra course beyond 
the beginning course and is able to choose, from all of those we’ve 
described, a course that will be helpful in teaching algebra in school 
or college it is not obvious what advice to offer him as arguments can 
certainly be given in favor of each of them over the others. One way 
to solve this student’s problem might be to try to offer a little of each 
of these subjects in a course and there are textbooks available which 
make this possible. Such a course is open to the criticism that each 
topic must receive a shallow treatment. 

The student with the problem considered above is relatively well 
off and it’s not the intent of this paper to guide him or propose that 
certain algebra courses are best for post-calculus students. The major- 
ity of secondary school teachers and many junior college teachers 
are in our classifications (3) and (4). We wish to describe an algebra 
course which the author has taught at the University of Virginia* 
to help fullfill the need of students in class (3) and especially those 
teachers in classes (2) and (4) who return to the University for fur- 
ther study. 

Most teachers eventually realize the need to return to a university 
for post-bachelor work. Almost always they set out to secure a mas- 
ter’s degree and as is well known to university mathematics teachers 
the returning teachers of mathematics tend to shy away from mathe- 
matics courses. They return with all but a few skills forgotten and to 
recover them means considerable additional work, and if a master’s 
program is to be interrupted one or more times by winter teaching, 
the trouble is multiplied as the skills must be recovered each time the 
student returns. 

Even though these students may not attempt to earn a mathemat- 
ics degree, it seems that something more can be done than is generally 


* The author is grateful to the School of Mathematics and to the School of Education of the University of 
Virginia for an opportunity to present this course at Virginia. The author is indebted to the Carnegie Founda- 
tion for the Advancement of Teaching for help while planning the course. 
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being done to supply them with mathematics courses which realisti- 
cally fit into their programs and which may be of assistance to them 
in their work. 

One such course can be a course in algebra that does not demand 
of the student a great deal of technique carried over from previous 
courses. Such a course should be a genuine mathematics course and 
should emphasize the needs of the particular class of students here 
considered. 

To such students the author has taught a three hour course built 
around the concepts of integral domain, field and group. By consider- 
ing such systems the student acquires an appreciation of postulational 
methods in algebra. Many examples are studied in greater detail 
than is justifiable in the usual course in abstract algebra and the 
theorems proved in these systems are selected for their significance in 
the complex numbers and their subsets. 

The abstract algebra is the skeleton about which the course is 
shaped. About half the work is in abstract systems. The other half 
might be called a study of some topics of arithmetic and elementary 
algebra from a mature point of view. Prime and composite numbers, 
congruences, the fundamental theorem of arithmetic, the representa- 
tion of numbers to bases different from 10 and mathematical induc- 
tion are “natural’’ digressions. The Peano postulates for the natural 
numbers are discussed in the course and some properties of the natural 
numbers are proved from them. The rationals are constructed from 
the integers and, to an ambitious class, the reals can be presented as 
Dedekind cuts. 

Daily exercises are assigned and as often as time permits the stu- 
dents are asked to show their work on a blackboard. Most of the 
students who elect this course are in a mathematics class infrequently 
and may never be in one again. It is easy to make the course more 
valuable to the student by suggesting interesting reading to be done 
concurrently with the course or later. This can include both books 
and periodicals very carefully selected with the interests and ability 
of the students in mind. Dull books and books too advanced for the 
reader seem very effective in killing a student’s interest in mathe- 
matics. 





FACTORS RESPONSIBLE FOR PRICE INCREASE 


All of the Grocers’ studies show that three factors are mainly responsible for 
the increase in price spreads during recent years. These are higher wage costs, 
higher transportation costs and higher taxes. For the market basket as a whole, 
between 1939 and 1952, these factors accounted for about 85 per cent of the 
entire increase in spread. 








FIFTH GRADE CHILDREN DISCOVER FRACTIONS 
VERNIE MULHOLLAND 


(Project developed under the guidance of Brenda Landsdown, at 
Adelphi College, Garden City, N. Y.) 


Given suitable materials, children make discoveries of mathemati- 
cal relationships on their own. 

The following is the account of how one class, through the use of 
concrete materials, managed to formulate its own rules for working 
with fractions. This fifth grade in a Long Island, N. Y., school, had 
been exposed to a text book interpretation of fractions for less than 
a week when the switch was made completely away from books to 
concrete materials. This was done not only as an experiment in learn- 
ing but as an attempt to find a more acceptable way for the children 
to master this phase of learning. In all fairness to textbook publishers 
it must be said that these children were meeting this particular series 
for the first time in the fifth grade instead of in the first grade. It is 
quite possible that if they had had the background assumed at this 
level, they might have been able to follow more easily. As it was, the 
apathy, disinterest, and apparent lack of grasp on the part of the class 
made the change seem timely. The results indicate that the concrete 
approach might well be used even where text books are required for 
later drill. 

Twenty-seven children comprise this particular fifth grade with an 
I.Q. range from eighty-nine to one hundred thirty-five. To the reader 
who might be interested in following the development of particular 
children, the I.Q. scores are listed: 


Jo.. 89 Fred..... St Wettie.. .. 0 | RR... . 2S 135 
Lola 94 George.. ERG RS ci 23 124 
Sheila .96 May. a ae 
Joan iP 
Sally.. 116 Bobbie......125 
Aeme.......006> Bei. oi. 4B 
Polly 6 0 Faeeey......«: 3. Bicone 
Tom. 104. Ned > See 128 
Jane .118 re 
ee 119 
ee 
ieetseens records not available. He moved away before the end of the term 


The age range represented is from ten years four months to twelve 
years one month. 
Feb. 9, 19__ 50 minutes 
(As a start white paper discs, four inches in diameter, were distrib- 
uted to the class.) 
Teacher: What can we call these discs? 
13 
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Tim: White circle. 
Jane: Pies 
Lola: A whole circle. 
(Then blue circles, identical in size, were passed out.) 
May: Now we have whole blue circles. 


(Everyone carefully folded the blue circle in half and cut along the 
line.) 

Teacher (holding up a half in each hand): What do we have now? 

Jo: We have two halves and if we put them together we will 
have a whole circle. 

Bob (Raising his hand and pointing to his desk): I put one half be- 
side the whole which makes one and a half. 

Jane: I put the two blue halves together and put them beside 
my white circle to make two wholes. 

George: I did that, too, and if you take one half away from the 
two wholes you have one and a half circles left. 

(Next yellow circles, identical in size with the first were distributed. 
First we cut them in two and then placed our two blue halves and 
our two yellow halves into two circles and everyone counted the 
halves which elicited the statement that four halves equal two wholes. 
Then each of the yellow halves was divided into two equal parts.) 
Tom (excitedly): Now we have fourths! 

Vee: I made my four fourths into one whole. 

Jane: I can show that one half of a circle plus two fourths of a 
circle make a whole. 

(We all made this pattern and continued to try out the patterns 
suggested by children as time went by in order that we all might veri- 
fy the truth of each statement.) 

Roy: If we put all our fourths together and take one away we 
can say that one minus one fourth is three fourths and then 
if we take another fourth away we will have one half. 

Tim: You could say that one minus three fourths equals a fourth. 

(Next, brown discs were passed out which, by folding and cutting, 
were divided into eight equal parts.) 

Roy: Eight eighths equal a whole. 


Jane: Two of my eighths are the same as a fourth. 

Jo: Four of the eighths are the same as a half. 

Jane: Four of the eighths and two fourths make a whole. 
Jane: Four of the eighths and one half make a whole. 


(Jo was now beginning to have difficulty attempting to show these 
last two patterns.) 
Elsie: Six of the eighths and one fourth make a whole. 
Bob: One half, one fourth and two eighths make a whole. 
Nettie: Three fourths plus two eighths make a whole. 








FIFTH GRADE CHILDREN DISCOVER FRACTIONS 15 


(Hands were waving wildly now as each child had some fascinating 
fact to show. That is, everyone’s hands but Jo’s were waving.) 

Tom: Look what I’ve done! (He had arranged his discs to show 
that one whole plus two halves plus two fourths plus eight 
eighths equalled four wholes. Everyone was intrigued with 
this and hurried to do the same.) 


Feb. 10, 19__ One hour and 5 minutes 

(First the fraction pies were distributed and additional green discs 
were passed our and laboriously cut into three parts, using cardboard 
templates.) 


Fred: Three thirds make a whole and if you have one third and 
add two thirds to it you get a whole. 

Tom: One third plus one third plus one third make a whole. 

Jane: Three times one third is a whole. 

Tom: A whole is larger than a third. 


Nettie: If you take away one third from a whole you have two 
thirds left. 


Jo: If you take away one third from the two thirds you have 
one third left. 
Polly: If you have a whole to begin with and take away two thirds 


you have a third left. 
(None of these conclusions have been written down as yet but 
simply stated as evidence from the manipulation of the various 


parts.) 
(We then cut out black discs into sixths.) 
Joan: [t takes six sixths to make a whole circle. 
Polly: One of my thirds is larger than one of my sixths. 
Roy: Two of my sixths are the same size as a third. 
Elsie: You could say that six sixths is the same as three thirds. 


Bobbie: Four sixths are the same as two thirds. 
(The children are actually proving these facts before they make 
statements concerning them.) 


Bob: I have my sixths together in a whole circle and if I take one 
of them away I have five sixths left. 

Tim: If you take another one of them away you'll have four sixths 
left and then you could cover that with two of your thirds. 

Sally: If you take three sixths away from a whole you have three 
sixths left and that is the same as a half. 

Jo: If you take four sixths away from a whole you have two 


sixths left and that is the same as a third. (Jo experiences 
little difficulty if he is only using one or two sized parts 
but gets completely out of his depth if you start mixing 
more together.) 
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(Next, red discs were passed out and divided into twelfths.) 
Feb. 11, 19__ 50 minutes 

This period was spent dealing with sixths and twelfths in a purely 
spontaneous manner, such as had been done in the two previous ses- 
sions, in order that the children might make as many discoveries 
as possible. 

Feb. 16, 19__ One hour. 

(The fraction pies were passed out. This time there was a definite 
plan; namely, comparison of parts of the same size and later compari- 
son of parts of different sizes to show the need for changing parts into 
the same size before accurate comparisons can be made.) 

Teacher: How many halves in a whole? 


Hal: Two. 
Teacher: How many thirds in a whole? 
Jo: Three 


(Similarly, Tom, Ned, Ray and Polly replied to equivalent ques- 
tions concerning the number of fourths, sixths, eighths, and twelfths 
in a whole. As the questions were answered we all demonstrated the 
validity of the answers with our pies.) 

Teacher: How many fourths are in a half? 

Jill: Two 

Teacher: How many eighths are in a half? 

Sally: Four. 

Teacher: Which is larger—one half or one fourth? 

Jane: I can see a half is larger. 

Teacher: Which is larger—a third or a sixth? 

Rob: A third. 

Jo: A twelfth is smaller than a sixth. 

Teacher: Does anyone see any definite pattern in what we have just 
been doing and saying? 

Jane: We could say that as the denominator gets larger the part 
gets smaller. 

(The class had been exposed to these terms during their brief 
encounter with the textbook.) 

Teacher: Can you give us some examples of this? 

Jane: An eighth is smaller than a half. 

George: A third is larger than a sixth. 

Elsie: A half is larger than a twelfth. 

Jo: A sixth is larger than a twelfth. 

Polly: An eighth is larger than a twelfth. 

Teacher: Which is larger—two fourths or one fourth? 
Tom: Two fourths is a fourth larger than one fourth. 
Teacher: Which is larger—three fourths or one fourth? 
Hal: Three fourths is larger. 
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Ned: It is one half larger. 
Teacher: How do you know? 
Ned: Well, it is two fourths larger and my two fourths will fit 


under a half. 

Teacher: Which is larger—five sixths or one sixth? 

Elsie: Five sixths is larger. 

George: It is four sixths larger. 

(Various similar comparisons were made with sixths in this manner. 
Then eighths and twelfths were discussed in the same way.) 
Teacher: Can anyone draw any conclusions from what we have been 

doing? 

Vee: Well, if the size of the parts are the same when we are 
comparing we just can compare the number of parts and 
the name for that is the numerator. (We then went on to 
decide which was larger—a half or a fourth, a half and a 
third, a third and a twelfth, a half and one sixth.) 

Teacher: We agree that a half is larger than a fourth but how much 
larger is it? 


Roy: It’s a fourth larger. 

Teacher: How do we know this is true? 

Elsie: We can show that a half is the same as two fourths and then 
we know that two fourths is one fourth larger than one 
fourth. 


Feb. 17, 19 
This session was conducted along lines similar to that of the pre- 
vious lesson. 


Feb. 18, 19__ One hour. 
(We continued along the line we had been pursuing.) 
Teacher: Which is larger—one half or one fourth. 


Tom: One half. 

Teacher: How do you know this is true? 

Tom: I can see it with my discs. 

Fred: I know it is larger because the denominator is smaller. 
Teacher: How much larger is it? 

Jo: It’s a fourth larger because two fourths make a half with 


our discs and if you take away one of them it still leaves 
one fourth. 


Teacher: Which is larger—one half or one third? 


Sally: The half is larger because the denominator is smaller. 
Lola: I can show the half is larger with my discs. 
Jo: If I put my third on top of my half I can fit a sixth in the 


rest of the half. 
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Nettie: That’s because we could exchange one half for three sixths 
and one third for two sixths which would prove a half is 
a sixth larger than a third. 

Teacher: Which is larger—a half or two thirds? 


Polly: It would take four sixths to cover two thirds and only 
three sixths to cover a half so two thirds is a sixth larger 
than a half. 

Teacher: Which is larger—one half or three eighths? 

Fred: I can exchange four eighths for my half so the half must 


be one eighth larger than three eighths. 

Teacher: Suppose we write down what we have just been doing. 
There are several ways we could write it. I shall write it 
first and then you may all write it. 


_— 4 a 
i 8 2 8 8” 8 
= 
. 8 
1 
& 
one half is 4 eighths 


—3 eighths 


take away three eighths is————__— 
1 eighth 


Feb. 24, 19__ 20 minutes 
(All of us got out our fraction pies.) 
Teacher (Holding up one third in one hand): What will we have if 
we add another third to this? 
Jo: Two thirds. (We all did this with our discs.) 
Teacher: Now let’s all write down what we have done. I will write 
it on the board. 


1 = 
g+3=3 





| ol cl 


+4 


Wits 


Teacher (holding up one fourth): What will we have if we add an- 
other fourth to this? 


Ned: Two fourths and that is the same as one half. 
Teacher: How do we know this? 
Lola: You can cover two fourths with a half. (She, of course, is 


referring to our fraction pies.) 
Teacher: Let’s write this down. 


t+1=9=3 


mje 

tj+ 

wie _— — 
~ 
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Teacher: 


Hal: 


Teacher: 
Teacher: 
Sally: 


Fred : 


Teacher: 


Fred: 
Teacher (1 


Lola: 
Hal: 


Hal: 


Teacher: 


Ned: 
Teacher: 
Ned: 


Teacher: 


Hal: 
Ned: 


Teacher: 


What will we have if we add another fourth to this? 
We'll have three fourths and I can cover three fourths with 
six eighths. (This incidental and unplanned reducing and 
raising to higher terms was allowed to come in spontane- 
ously at this point.) 
Let’s all write this down. (We continued to record our work 
as has been explained before.) 
What would we have if we added another fourth to our 
three fourths? 
I now have four fourths and that is the same thing as a 
whole. 
Say, I just noticed something. When Hal exchanged his 
three fourths for six eighths you were just multiplying the 
top and the bottom by two. (Everyone duly noticed this.) 
Did anyone notice what we did a while ago when we ex- 
changed two fourths for a half? 
That time we just divided the top and the bottom by two. 
iolding up two twelfths): What will we have if we add two 
more twelfths to these? 
I have four twelfths. 
That’s the same as one third. See, I can prove it with my 
discs. (We recorded this.) 
Say, when you write it down all you have to do is divide 
the top and bottom by four and you get one third. 
Let’s all write this down. 

4+4 1 


12+4 3 


Now what will we have if we add two more twelfths to our 
four twelfths. 

We'll have six twelfths and that’s the same as one half. 
How do you know? 

There are twelve twelfths in a whole and that means 
there would be six twelfths in a half. (The quicker pupils 
are already beginning gradually to discard their fraction 
pies and prefer to use their heads first and if necessary, 
look to their pies for proof.) 

Let’s write this down. Now what will we have if we add two 
sixths to one sixth? 

We'll have a half. 

It'll be a half because there are six sixths in a whole so in 
a half there will be three sixths. (We all recorded this.) 
Does anyone see any similarity in what we have done in 
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Jill: 
Hal: 
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each of our written records? (The blackboard still held 
all of them.) 

We just added the top numbers—I mean the numerators. 
But we only did that when the denominators were the 
same. 


Feb. 25, 19__ 20 minutes 
(After a short review of the same type of work a switch was made 
to subtracting with our pies.) 


Teacher: 
Vee: 


Ned: 


Fred: 
Harry: 
Teacher: 
Sheila: 
Jane: 
Harry: 


Jane: 


If we had three eighths and took away two eighths what 
would we have left? 

We would have an eighth left and it’s just as if we took 
away a fourth from a third. 

Three eighths isn’t a third because if that’s true it would 
mean there would be nine eighths in a whole and that 
isn’t so. 

Besides, you can’t divide eight by three evenly so you 
can’t exchange eighths for thirds. 

It would take three ninths to make a third, not three 
eighths. 

If we had five twelfths and took two twelfths away, what 
would we have left? 

I did it with my pies and get three twelfths left. (We all 
recorded this.) 

That’s the same as one fourth because I can fit my fourth 
over three twelfths. 

I know it’s a fourth anyway because you can divide both 
three and twelve by three to make a fourth. 

That’s right and our pies prove it, too. 


Feb. 26, 19__ 
Teacher (after all the children had their fraction pies ready for 


Teacher: 
Roy: 


Jane: 


Teacher: 
Jane: 
Hal: 
Dick: 


work.): What can we exchange for a fourth? 

I can cover my fourth with two eighths. 

I can exchange a sixth and one twelfth for a fourth. 
Could you exhange twelfths for the sixth? 

Oh, yes, and then I would have three twelfths on my 
fourth. (These two answers were recorded thus) 

r _ 3 = is 
I can’t show it with my pies but you could exchange four 
sixteenths for a fourth. 

Why do you think so? 

Four will go in sixteen four times. 

One fourth could be exchanged for six twenty-fourths. 

Or eight thirty-seconds! 
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(We continued our recording which now read:) 


1 


$=fr=te=ee=F2 
Teacher: Can anyone point out what we have been doing here on the 
board? 
Dick: We just multiplied the top and tottom of the } by the 
number of times four would go in the other denominators. 
(We went through an eighth, a half, and a third in the same man- 
ner and each time Dick’s conclusion was verified.) 
March 2, 19 
This session devoted to reviewing adding and subtracting like parts 
and exchanging. 
March 3, 19 
(The object of this session was to work adding unlike fractions in 
which the denominator of one can be the denominator of the other. 
The fraction pies were passed out.) 
Teacher (holding up one half): What will we have if we add a fourth 


to this? 
Hal: Three fourths. 
Roy: I know it will be three fourths because we can cover one 
half with two fourths and then we have three fourths. 
Jane: I can do it without my pies because I know a half is the 


same as two fourths because two goes into four two times 
and I can just multiply the numerator and denominator of 
one half by two to make it two fourths. Then all you have 
to do is add the other fourth. 

Teacher (placing one fourth and one eighth on the flannel board): 
What do we have if we add these together? 

Tim: [ can change the fourth into two eighths just by multi- 
plying the numerator and denominator by two. Then I 
can add on the other eighth which will give me three 
eighths. 

Teacher: Let’s record what we have just done. 


1 = = 
ats=sts=s 


Colmes ele 
alco | ol cote 


+ 


Teacher (placing a third and a sixth on the flannel board): What do 
we have if we add these together? 

Jane: If we multiply the numerator and denominator of the third 
by two we will get two sixths which will make three sixths 
altogether. 
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Elsie: That’s the same as one half. I can show it with my pies 
and, anyway, three will go into the numerator and denomi- 
nator and change it into one half. 

(This was recorded.) 

Teacher (placing a twelfth and a sixth on the flannel board): Now 

what will we have? 


Fred: We'll have three twelfths because I can cover my sixth 
with two twelfths. 
Jane: That will be the same as a fourth. I don’t have to do it 


with my pies because I just divide the top and bottom of 
three twelfths by three. (This was recorded.) 

Teacher (placing a third and a twelfth on the flannel board): What 
will we have here? 

Sally: | Two fourths. 

Tom: You can’t make two fourths fit over a third and a twelfth! 

Tim: We can exchange our third for four twelfths by multiplying 
the top and bottom by four and then we can add on the 
other twelfth to make five twelfths. Sally is all wrong be- 
cause her two fourths are the same as a half and it takes 
six twelfths to make a half and we only have five twelfths. 

(This was recorded.) 

Teacher (placing a half and a twelfth on the flannel board): What 
will adding these together give us? 

Tom: I can put six twelfths over the half and then I put the 
other twelfth with it and that makes seven twelfths. 

Jane: I know six twelfths can be exchanged for one half because 
you get six twelfths if you multiply the numerator and 
denominator of one half by six. 

Tom: I know there are twelve twelfths in a whole so there would 
have to be six twelfths in a half. 

(This was recorded.) 

Teacher: Can anyone draw any conclusions from what we have been 
writing? 

Henry: We always had to change one of the denominators before 
we could add so we'd know exactly how much we had. 


Bob: Every time one of the fractions could be changed into the 
same sized parts as the other. 
Jane: Even if you don’t have your pies you can tell if you can 


exchange by seeing if you can divide the one denominator 
into the other. 


March 4, 19__ 
This session consisted of more work in adding like fractions, re- 
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lated fractions and changing into simpler terms with recording of the 
discoveries made. 


March 5, 19 

This session was devoted to more practice in subtracting like frac- 
tions and related fractions with the necessary raising to higher terms 
and reducing. By the end of this session one group of the class was 
using algorisms exclusively, another group was still using its pies to 
verify the algorisms, another group trusting completely in its pies, 
and a small group who can still show only very simple relationships 
with its pies. 


March 9, 19 

(This session was devoted to reducing to lowest terms with a system- 
atic plan rather than as the incidental result of adding and subtract- 
ing.) 
Teacher: Let’s all put our twelve twelfths together. What do we 

have now? 

Lola: A whole. 
Teacher: Let’s write this down. 


(43 =1) 


Now let’s put our eight eighths together. What do we have 
now? 

Rob: A whole. 

Teacher: Let’s write that down, too. 


(Similarly fourths, thirds, and sixths were manipulated into wholes 
and the findings recorded.) 

Teacher: Now let’s go back to our twelfths. Suppose we take one of 
them away. Can we exchange our eleven twelfths for any 
larger parts? 

Lola: [ can’t find anything else that will fit over it. 

Jane: There isn’t any number that will go evenly into both eleven 
and twelve so you can’t exchange it for anything else. 

Teacher: Let’s take away another twelfth. Can we exchange any 
larger parts for our ten twelfths? 


Jo: Well, two twelfths can be covered with one sixth so we 
can cover ten twelfths with five sixths. 
Dick: I know it’s five sixths anyway because if you divide the 


numerator and denominator of ten twelfths by two you 
get five sixths. 
Elsie: Five sixths is the same as two thirds. 
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Jane: 


Ned: 
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That’s not true. You can’t divide five sixths by anything 
to give you two thirds. 

If that were true you couldn’t make a whole circle come 
out right. 


(This shows the need for large, accurately cut fraction pies.) 


Teacher: 
Ann: 


Rob: 
Jane: 


Teacher: 


Nettie: 


Jo: 


Jane: 
Teacher: 
Sheila: 
Bobbie: 
May: 


Sheila: 


Let’s take away another twelfth. Now we have nine. Can 
we exchange this for any larger parts? 

We could exchange three fourths for the nine twelfths. I 
can do it with my pies. 

I did too. 

You get three fourths if you divide the numerator and 
denominator by three. 

We'll take away another twelfth which leaves us with eight. 
What can we exchange for this that would give us a smaller 
number of parts that cover the same amount of space? 
That is the same as four sixths if you divide the numerator 
and denominator by two. 

You can exchange two thirds for four sixths. 

We'd have gotten two thirds in the first place if we had 
divided by four. 

Let’s see what we can exchange for seven twelfths. 

That’s the same as a half. 

That’s not true. There isn’t any number you can divide 
evenly into both seven and twelve. 

That would mean there would be fourteen twelfths in a 
whole, Sheila. 

That’s right, May. 


March 10, 19__ 


(Today’s lesson was a continuance of the work of seeing how 
twelfths could be reduced.) 


Teacher: 


Lola: 
Vee: 


Ned: 
Rob: 


Teacher: 


Sheila: 


Let’s arrange six twelfths to see what we could exchange 
for them. 

I can cover my six twelfths with a half. 

If you divide the numerator and denominator by six you 
get a half. 

I did that, too. 

I divided the top and bottom by two and got three sixths 
and I know three sixths is the same as a half. 

If we take away another sixth we'll have five left. Let’s 
see what we can do with this. 

That’s a half. 


Bob (in carefully restrained tones): That can’t be so, Sheila. We just 


showed that six twelfths was a half. 
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Nettie: Don’t you see that would mean there would only be ten 
twelfths in a whole and anybody knows that isn’t so. 

Jane: Anyway you can’t exchange this for a part with a smaller 
numerator and denominator because there isn’t any num- 
ber that will go evenly into both five and twelve. 

Teacher: Let’s take away another twelfth and see what we can do 
with four twelfths. 

George: I can cover them with two sixths. Wait a minute! I can 
cover the two sixths with a third. 

Ned: I knew it was a third because you can divide the top and 
bottom by four which will change it into a third. 

Teacher: Now I’ve taken away another twelfth. That leaves three. 

Rob: You can cover them with a fourth. 

Sheila (covering herself with glory after her previous unfortunate 
attempts): If you divide the top and the bottom by three 
you get a fourth. 

Teacher: Let’s take away another twelfth. That leaves two. 

Lola: [ can cover them with a sixth. 

Jo: You can divide the numerator and denominator by two 
and you get a sixth. 

Teacher: I'll take away one more. Now we only have one left. 

Jane: You can’t do anything with that. There isn’t any number 
that will go evenly into both one and twelve. 


March 11, 19 

The last two sessions were repeated as far as general procedure was 
concerned, systematically working through the eighths to see how 
and when they could be reduced. 


March 12, 19 
We systematically went through sixths, fourths, thirds, and halves 
in the same manner as described in lessons previously outlined. 


March 16, 19 
This session consisted of going through fourths, thirds, and halves, 
raising to higher terms and recording the conclusions we reached. 


March 17, 19 
(The plan for this lesson was to work with subtracting from a 
whole and adding to make a whole or more.) 

Teacher (placing a whole circle on the flannel board and holding up 
a third in her hand): How could we take a third away from 
the whole? 

Ann: Well, I can exchange three thirds for my whole and then 
I just take away one third which leaves two thirds. 

Teacher: Let’s write what we have just done. 
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Teacher (placing a whole on the flannel board again and holding 
up a half): How can we take a half away from a whole? 

Roy: I can exchange the whole for two halves and then take one 
of the halves away to leave a half. 

(The class recorded this.) 

Teacher: Now, let’s see how we would take a fourth away from a 
whole. 

Polly: I don’t see how we can. 

Teacher: Could you exchange the whole for fourths? You come up 
and see if you can. 

(Polly did so and then told us that it would leave us with three- 
fourths. This was recorded by everyone.) 

Teacher: Now let’s see if we can take a twelfth away from a whole. 

Lola: First I’ll have to exchange the whole for twelfths and then 
I'll take one away which will leave me with eleven twelfths. 

Teacher: Now let’s try taking two eighths away from a whole. Jo, 
how could we do this? 

Jo: First we'll have to exchange the whole for eighths. Then 
I'll take away two and that leaves six eighths. 

Sheila: I can cover the six eighths with three fourths. 

Bobbie: I know it’s three fourths without my pies because if you 
divide the numerator and denominator by two you get 
three fourths. 

Teacher: Let’s try taking two sixths away from a whole. 


Lola: First we have to exchange the whole for six sixths and then 
take two away which leaves us with four sixths. 
Jo: I can cover the four sixths with two thirds. 


Teacher (placing three sixths on a flannel board) : Let’s add four sixths 
to this and see what we get. 
Vee: We would have seven sixths. That’s too many! 


Teacher: You come up and see what you can do with seven sixths. 
(She did so and discovered she could put six sixths to- 
gether to make a whole and have one left over.) Now 
let’s write down what Vee did. 


3 
6 
4 
6 
7 
6 


Teacher: Now let’s try putting three fourths and two fourths to- 


t+t=t=18 
a 


ae ae 
=1¢ 
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gether. What will we have now, Polly? 
Polly: Five fourths. 
Teacher: How many of these fourths will it take to make a whole? 
Polly: | Four and then I'll have one left over. 


Teacher: Let’s write it down. 


3 3 = we) 
4 atz=f=1; 


(This same procedure was followed with adding two thirds and one 
third together and then with adding three fourths and one 
fourth.) 

March 18, 19 

This session was a review of previous lessons on adding related 

fractions. 

March 19, 19 

Another session on adding and subtracting related fractions. 

March 23, 19 

A review of adding and subtracting unlike fractions. 

March 25, 19 

Additional work on adding unlike fractions where the sum is equal 

to more than a whole. In addition, subtracting with a whole was re- 

viewed. 

March 26, 19__ 

The plan for this session was to work with adding fractions to a 
whole and fractions to mixed numbers. 

Teacher (placing two whole circles on the flannel board and holding 
up a half): What will we have if we add the half to the two 
wholes? 

Ann: That’s easy, two and a half. 

Teacher: Let’s record this. 


II 
i) 


oie 


2 2+ 


1 
2 


ni 


>1 


Now, let’s put one circle on the board and add an eighth 
to it. 


Tom: That makes one and an eighth. 
Teacher: Let’s add three fourths to one. 
Polly: | That makes one and three fourths. 
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Teacher (placing a whole circle and a fourth on the flannel board): 
What will we have if we add a fourth to this? 

Bobbie: That makes one and two fourths and that is the same as 
one and one half. 

Teacher: Let’s record this. 


1 1i+}=1¢=1) 
1 

— 

12=1} 


Teacher (placing two and two thirds on the flannel board): Now let’s 
add two thirds to this. 





Joan: That makes two and four thirds. 
Teacher: Can you make any other arrangement with the thirds? 
Joan: Well, I could put three of them together to make another 


whole and then I would have three and one third. 
Teacher: Let’s record this 


iS] 


y 2 om 20 
23 2243=24=33 
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Teacher: Now let’s add three fourths to one and three fourths. 

Vee: That gives us a whole and six fourths. I can take four of the 
fourths and make another whole and I can cover the two 
fourths with a half. Then we’ll have 23. 

Teacher: Let’s record this. 


lj 1¢+ f= 1¢=23¢=23 
+3 
1§=22=2} 
Teacher: Now let’s add an eighth to a whole and seven eighths. 
Tom: That gives us a whole and eight eighths which is the same 
as two. 
Teacher: Let’s record this. 
7 7 i _ 
+3 
= 
18=2 


Teacher: Now let’s add a third to one and a half. 

Roy: We can exchange the third and the half for sixths which 
gives us five sixths and one and five sixths altogether. 

Teacher: Let’s record this. 
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1} 13 s+3=18+8=18 
a 
1§ 


Subsequent lessons consisted of further use of the same material 
which in a way might be said to constitute drill. However, it is more 
meaningful than mere rote drill because it consists of rediscovering 
concepts as well as mere repetition. 

As to evaluation of the success of this method of presentation it 
must be remembered that this method accepts the fact that all chil- 
dren will not at the end of the year have acquired the same degree of 
proficiency even though they have all been exposed to the same ma- 
terial. Some children rapidly discard their fraction pies in favor of 
algorisms. Others cling to the pies as a check on their algorisms. Still 
others use their pies first. What this method does do, however, is 
ensure that each child will be working with understanding at what- 
ever level of maturity he has reached. 

This particular group took the Iowa achievement tests! at the end 
of this period of work. The class averaged sixth grade level on vocabu- 
lary, fifth grade and eighth month on fundamentals, sixth grade and 
fourth month on problems, and according to the conversion tables 
this averaged fifth grade and eighth month. This meant an over all 
gain of seven months during a six months’ work period. (Children are 
tested Fall and Spring.) 

In the entire test only five examples dealt with fractions. Four of 
these were in the section on fundamentals and one in the problems 
section. If the twenty-seven children participating had solved all of 
four of these correctly it would have meant one hundred eight correct 
answers. Ninety-one correct answers appeared, nine incorrect answers 
appeared and eight of these problems were omitted. It is well to bear 
in mind, too, that these problems came toward the end of the section. 
This may have, and probably did, account for omissions rather than 
inability to perform the manipulations involved. 

The one word problem necessitating familiarity with fractions was 
solved correctly by nineteen children, done incorrectly by three, and 
left undone by five. Here again the problem came toward the end of 
the section which may have accounted for omissions. This problem 
also dealt with addition of three fractions which we had not covered 
in class. 

Looking at the success of the group from a more unorthodox view- 
point this presentation would seem to have been most successful. 
In ordinary everyday work the majority of the class work meaning- 


1 Iowa Every-Pupil Tests of Basic Skills, Basic Arithmetic Skills, Elementary Battery Grades 3-4-5. 
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fully with fractions and the others are still able to work with their 
concrete material to arrive at correct solutions. This gives the slower 
learner a feeling of security within the group and is invaluable as a 
device for coping with individual differences within the group. 


PROFESSOR GLENN IN ILOILO AND MANILA 


During the past school year Prof. Earl R. Glenn, formerly of the New Jersey 
State Teachers college, has been at work at the Central Philippine College at 
Iliolo as Fulbright Lecturer. Here he has had charge of classes in educational 
research, advanced educational tests and measurements, the teaching of science 
in high schools, and others. He also served as a consultant on elementary science 
at Iliolo and also at the Philippine Woman’s University at Manila and at the 
Philippine Normal College in Manila. He assisted in the formation of one of the 
first science teacher organizations in the Philippines. 

After completion of a very successful year Mr. Glenn was prevailed upon to 
continue for the greater part of another year to assist in planning the require- 
ments for the master of arts degree in education, to help in the further develop- 
ment of the department of educational research to serve the laboratory schools, 
and to assist in a number of other projects. More than four thousand teachers 
were enrolled in the summer courses in the Philippine Normal College. 

Professor Glenn plans to complete his stay in the Philippines in April. He wil 
then visit southeast Asia and parts of Europe on his way back to the U.S.A 





MATHEMATICS IN THE HIGH SCHOOL 


Are enough pupils taking mathematics in high school so our national supply 
of scientists and engineers can continue to increase? Are there as many pupils 
enrolled in mathematics in the secondary public schools as there were ten years 
ago? What mathematics, if any, is required of the pupils in the public high 
schools? Are field trips a major part of the work in mathematics in the present 
curriculum? Is general mathematics replacing the traditional mathematics in 
the high school? How much time is there allotted to mathematics? How does it 
vary among schools? How large are the classes in high school mathematics? 

These and many other related questions are discussed in Mathematics in Public 
High Schools. The shortage of trained scientific personnel emphasizes the need for 
an adequate supply of young people with skills and understandings in mathe- 
matics. The mathematical training of young people is important to raise our stand- 
ard of living in a machine world in time of peace and its importance is em- 
phasized in times of national conflict. Mathematics in Public High Schools re- 
veals the mathematical experiences that are being provided for the young 
people in the high schools in 1952-53. 

This new publication contains information on enrollments in mathematics 
and administrative provisions for instruction in mathematics. The data include 
enrollments, offerings, size of classes, number of teachers, field trips, length of 
class periods, and other pertinent information about mathematics in grades 7 
to 12. In addition to brief descriptions of trends in mathematics education, sixty 
tables present factual material in a convenient form for the busy reader. School 
administrators, teachers, guidance counselors, and research workers will find 
Mathematics in Public High Schools a handy reference. 


MATHEMATICS IN Pusiic HicH Scuoots. By Kenneth E. Brown. Office of Educa- 
tion Bulletin 1953, No. 5. 47 pages. For sale by the Superintendent of Docu- 
ments, U. S. Government Printing Office, Washington 25, D. C. 20 cents. 








REAL ASTRONOMY 


WALTER P. GLEASON 
The Lilja School, Natick, Mass. 


Science study is ready made for the experience curriculum. More 
than any other human endeavor, science is the here, the now, the at 
hand. Science looks with an objective eye, it measures with a common 
scale, it purposefully records, and it is palpable. To the experienced 
elementary teacher these things are custom fitted both to the manners 
in which a child learns and the meaningful acquisition of skills. 

For example, an elementary science course properly pursued in- 
cludes liberal arithmetical calculation, for measurement is the artery 
of science. It is the common ground by which all of its parts are 
nourished by the contributions of the whole. During science projects 
this writer has seen pupils make determined and fruitful attacks on 
bulky division computations that would have brought out only dis- 
may if presented as an isolated practice example. The difference is in 
the setting, the context. In context the computation was only one 
hurdle to be overcome on the way to a beautifully finished project. 
It must be done. And it was. 

It is amazing how the words come forth when the project to be 
described is a creation of the student writer. It has been figured out 
by him; he is the expert. The new words he has learned flow in a story 
that he understands because he has done it and there it sits before 
him. Also it is natural and unforced to stand by your display and tell 
about it. Why should you memorize? It is like explaining something 
you just experienced this afternoon and so the individual’s confidence 
is built upon successful little lectures to his classmates. 

Yes, this is the dogma of the Free Era in education, but our point 
is here that in no area can it be more successfully applied than in the 
field of science. In fact, if geography was studied from a more scien- 
tific approach by first learning to recognize the environmental factors 
such as climate and topography, there can be established considera- 
bly more interest and meaning. But that is a story for another time. 
From the writer’s observation, teachers have been slow in adapting 
the dynamism of experience to elementary science studies. 

Many have performed experiments for the class in science and 
thereby have attracted attention. Watching experiments on T.V. and 
performances before the class, which has been very popular lately 
with the children, is interesting and instructive but tends to create 
a passive audience. Meanwhile, the important growth elements to be 
gained such as active participation, tabulation, and calculation are 
lost. 
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Let us examine one section of science studies to see how the subject 
can be brought from the printed page into the real life of the child. 
We will take one of the more removed sections, astronomy. What 
can be done other than reading about the stars so that they can be- 
come a part of the student’s experience? Telescopes and spectrograph 
are far too advanced and expensive but there are some cheap and 
simple quantitative gadgets that any upper grammar school student 
can construct to help him grasp the unity of his environment. 

The writer has found considerable success in suggesting these in- 
struments as individual projects. Each pupil, or a group, chooses an 
area of astronomy that he would like to study. The form of his report 
and the delineations of his area are his choice. The procedure, how- 
ever, is often carefully laid out. Frequent progress reports are re- 
quired and the answers to certain questions are to be calculated to 
discovered in each area. 






































Fic. 1. The Angle Level. Fic. 2. The Mural Quadrant. 


The source for these instruments has been largely historical ma- 
terial on how early scientists measured their environment. Here can 
be found some amazingly simple instruments. For instance the angle 
level (see sketch one) which was used for locating the horizontal. 
Many of these instruments require a knowledge of how to read 
angles. The writer has found that angle measurement is quickly com- 
prehensible to most upper grammar school pupils particularly if they 
work with it in the process of constructing an instrument. Actually, 
the students have been measuring angles ever since they began to 
measure time and the transfer of numbers is not a difficult jump. 

Sometimes a little history helps the transition. The earlier Egyp- 
tians noticed that there were twelve constellations along the ecliptic 
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or apparent path of the sun across the sky. Since they recognized 
a 360 day year, the months were made by dividing twelve into 360 
days making months each containing 30 days. It was therefore natur- 
al for the Egyptian astronomers to divide a circle into 360 parts or 
degrees. This system, of course, still is in effect today even though 
now it is an illogical scale. 

The first instrument we will discuss is for measuring the altitude 
of the sun. It was put together from scraps during World War II 
aboard ship by the writer who was unhappy about not being told 
where he was. The delight of the writer with the instrument’s per- 
formance was tempered somewhat later when he found out that a 
mural transit (similar to his own) had been invented a few years be- 
fore, in 150 A.D. to be exact, by a man named Ptolemy. 

Essentially our mural transit contains a nail for casting a shadow, 
a string and stone for a plumb line to properly erect the instrument 
and a piece of plywood about two inches by three inches on which is 
drawn a 90° scale. One corner of the quadrant should be near a corner 
of the board. At this center point, a thin nail is driven in perpendicu- 
lar to the plane of the board just far enough to hold it. From this 
nail is hung the plumb line. To operate, face the nail edge of the 
board toward the sun. See that the plumb line coincides with the 90° 
line and read the altitude of the sun directly where the shadow of the 
nail crosses the scale. (See sketch two.) 

There are several project problems that can be answered by the 
use of our mural quadrant. These questions can be mimeographed 
and passed out to give practice in interpreting verbal direction. 

1. Is the noon altitude of the sun increasing or decreasing? Why? 
(This will require several careful readings.) 

2. Where on the earth would the sun cast a shadow at 90°? 

3. Where on the earth would the sun cast a shadow at 0°? 

4. When the sun is directly over the equator, the noon reading 
on your quadrant subtracted from 90° will be equal to our latitude. 
From your readings, would you say the sun was now above or below 
the equator? Why? 

5. Why do ship navigators usually take readings at noon? 

6. Check the sun when its altitude is about 15°. What do you think 
a land would be like where this was the average altitude at noon? 

The average child may need to be guided through some of these 
questions, but he or his committee should be able to come up with 
a meaningful report. 

Another device of the ancients was the cross staff. Before it was pos- 
sible to sight the stars optically their movements and altitudes were 
measured mechanically. There were several methods for doing this. 
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One of the simplest has been made into the stick and oaktag instru- 
ment described here. 

It has been determined that any object covers 1° of arc measured 
from a center point about 57 times its width from that center. For 
instance, if a penny was held up 57 penny’s diameters from the eye 
it would cover an arc of 1° anywhere beyond the line of the eye and 
the coin. (The cotangent of the angle of 1° is 57.29.) This fact has 
significance for a measuring scale. If a scale like a ruler containing 
certain equally spaced lines were held at a distance from the eye equal 
to 57 times the space interval, the degrees difference from one celestial 
object to another could be read directly in degrees by counting the 
lines. If this sounds complicated you may be assured that the con- 
struction will take more time than ingenuity. (See sketch three). 

For an easily made cross staff lay out the segment of a circle of 
14% inches radius and a chord of about 1} feet on a piece of oaktag 
or laundry cardboard. Measure the circumference of the arc you have 


tr a al 
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Fic. 3. The Cross Staff and Patterns. 


cut and make a strip of cardboard the same length about an inch 
wide. Leave another half inch width for a series of pasting tabs along 
one side. Make marks every } inch along the plain edge of the strip. 
Notice that our interval of }” multiplied by 57 equals our radius, 
144 inches. Bend the tabs at right angles and glue to the circumference 
of the original segment. Thumbtack this to any stick 14} inches long 
so that the straight edge of the chord is perpendicular to the stick 
at the greatest width of the chord. 

Now with a clear night, a flashlight, and a star chart, the student 
observer is in business. To find the angle between any two objects, 
place the end of the stick on your cheekbone and sight over the scale 
to the two points to be measured and count the number of marks 
between them. This is the degree distance. 

This instrument is used here for two main purposes: to discover 
the moon’s movements in relation to the celestial sphere and to stimu- 
late discovery of the major stars. The following questions aid in these 
understandings. 








REAL ASTRONOMY 35 


1. How far is the north star from the nearest pointer star of the Big Dipper? 
(angular measure) 

2. How far is Cassiopeia from the North Star? 

3. How far is Orion’s belt from the North Star? 

4. How far is Arcturus from the handle of the Big Dipper? 

5. Face south. Fix your cross staff sights between the edge of a building or 
chimney and any bright star so that your scale runs east and west. Find the 
number of degrees. Return exactly one hour later, stand in exactly the same spot, 
and take the reading again. How far has the star moved in one hour? In that 
direction? Why? How far would it have moved in six hours? 

6. Return to the same spot at the same time as your first observation one 
week later. How far has this star moved? Why? How many degrees would it 
move in four weeks? 

7. Sight the moon and find its distance from an easily found star either east 
or west of it. Check again at the same time the next night. How much has it 
moved? In which direction? Why? 


There are many recent books for children on astronomy that are 
exciting in illustration and easy to understand. The whys of these 
questions can be mostly answered from them. If this reading matter is 
not available, the whys make excellent group or class discussion 
material. 

One project not from the old gazers is the construction of a scale 
model of the solar system. It has been noted that most models of 
the solar system distort understanding rather than aid it. This is 
because the prodigious distances involved are rarely displayed ac- 
curately due to the lack of classroom space. The writer has found 
that the smaller the scale the better, so that it will be possible to 
show the more important distances as well as the sizes. Models should 
be mounted on stakes and arranged on the playground. 

Assume the class can find a ball to represent the sun and that it is 
found the ball is 10 inches in diameter. Our scale model starts from 
there. First have the pupils fill in the real sizes and distances under 
the columns marked ‘‘Actual” on the following chart. 


Distance from Sun Diameter 
Body | ——_—_—— 
Actual Scale Actual Scale 
mil. miles | feet miles inches 
Sun - — 860 , 000 10.0 
Mercury 36 | 36 3,100 0.03 
Venus 67 67 | 7,700 0.1 
Earth 93 93 \| 8,000 0.1 
Mars | 141 | 141 || 4,200 | 0.04 
Jupiter 483 | 483 | 88,800 | 1.0 
Saturn 886 886 \| 74,200 | 0.87 
Uranus 1,783 1,783 | 32,400 0.37 
Neptune |} 2,793 2,793 30,900 0.36 
Pluto ] 3,670 3,670 | 7,900 0.1 








Note: All figures are rounded off. 
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Most classes will have to be helped in determining the scale as 
follows. Since the sun’s actual diameter is 860,000 miles and our model 
is 10 inches, how many miles are represented by the inch? And we 
find that our scale is 86,000 miles to the inch. How wide would Mer- 
cury be? 3/86 turns into the decimal .04. This is a very small part of 
an inch and so we take the tiniest speck of clay we can see and call 
it Mercury. Venus, and Earth fare slightly better at around 1/10th 
of an inch. When we reach Jupiter, our scale begins to take effect 
for our clay ball now becomes one inch. It doesn’t hurt to make 
Saturn and the others too, but it is doubtful whether they would fit 
into your school yard, for at this scale Saturn would be almost a 
fifth of a mile from the sun. However, leave the model in the classroom 
and put a label on it saying, “At this scale, Saturn would be on the 
third shelf of Polly’s Bakery,” or wherever it would be. Possibly the 
bakery would be the best place for it after all. To save trouble in 
figuring the distances, multiply our inch scale by 12 and use the larg- 
er number for the constant factor. At the writer’s school, the scale 
model committee explains each class around the playground model 
and everyone profitably enjoys the outing. 

The good thing about primitive instruments is that they are easily 
constructed. Take for instance the sun dial extant. It was first made in 
Egypt about 3,500 years ago and was used as a timing device. This 
early sun dial had to be turned to face the sun but was reasonably 
accurate for the purposes of Thutmose III. The essentials of this 
instrument were two pieces set at right angles to one another. The 
vertical piece provided a horizontal straight edge to create a shadow 
on the lower horizontal crosspiece which bore the markings of the 
hours. This adapts itself to an elementary level because there is no 
necessity for orienting the straight edge to the celestial axis as was 
done in later sun dials. (See sketch four.) 

A piece of board about 10” 3” and a stick about 1”7” ought 
to serve well enough for our purpose. These dimensions are not at all 
critical. Square the board carefully making sure the two lengthwise 
edges are straight and parallel. Placing the parts on a flat surface 
with the board horizontal and on edge, make a T with the stick as 
the stem and nail them together. It will help if the angle between the 
two is as near a right angle as possible. 

Probably the best use of this instrument on an elementary level is 
not as a sun dial but as an indicator of the seasonal progression of the 
sun. This means that there would have to be at least three marks on 
the stick: one would show where the shadow of the straight edge hit 
the stick at noon of the day the sun was directly over the equator, 
the others would show the high and low points of the shadow at the 
summer and winter solstices. Place the straight edge of a protractor 
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vertically on the inside center of the upright with the protractor 
center on the top edge. Extend a ruler from the top edge of the board 
to the stick as representing the edge of the shadow and arrange it to 
make an angle with the upright equal to your latitude. Mark where 
the shadow will fall on the stick. In the same way find the solstice 
points by adding 233° to the equinox angle for the winter solstice 
and deducting 235° for the summer solstice. Some students may 
want to make a mark for each of the months along the scale or 
watch the pattern of the shadow across the stick as the winter sun 
moves from hour to hour. 

There is an interesting demonstrator of the forces of gravitation 
and momentum that can be made from a string, two stones, and a 
thread spool. Thread the string through the spool and tie a small 
stone on one end and a somewhat larger stone on the other. It will 
be noticed that by holding on to the spool and whirling the smaller 


Fic. 4. The Sundial Extant. Fic. 5. Satellite Demonstrator. 

















stone around, the larger stone will be pulled through by centrifugal 
force. With a little practice, the inward and outward pull on the string 
can be balanced and it can be shown that this is the equilibrium 
maintained by the moon going around the earth. 

The following series of questions will lead the student on his own 
to a better understanding of the forces of gravity and momentum. 


1. When is the outward pull on the string the strongest, when the small 
weight is whirling faster or slower? 

2. Draw the larger weight up to the spool by whirling the small weight then 
let it coast to a stop. The heavier weight should drag the string back down 
through the spool. Describe what happens as the smaller weight approaches the 
center. 

3. Whirl the weight with just a short length of string through the spool so 
that it makes a small circle without moving the string up or down. Now whirl 
the small weight in a large circle, but without having the large weight touch the 
spool. Compare the number of rotations necessary to balance the stone when the 
rotating weight is near the spool and when it is far away. (Note: This project 
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can be made quantitative by having other committee members count the revolu- 
tions per 15 seconds at equilibrium for several trial radiuses and listing or 
graphing the results.) 

4. From what you have found out, would you have a man-made satellite 
which was to circle 2,000 miles from the earth rotate faster or slower than 
the moon? Why? 

5. If the moon suddenly speeded up, what would happen? 

The two simple ideas to put across here are first that the satelites 
do not whirl off into space or crash into the mother planets because 
there is a balance between the inward pull of gravity and the outward 
pull of centrifugal force. Second, the speed of rotation must increase 
as the satellite approaches the mother planet. 

It is important to notice whether the string pulls back through 
the spool easily during deceleration. If not, it may be necessary to 
smooth off and wax the top inside edge. 

These devices by no means exhaust the total experiences possible 
in the study of astronomy. By taking the most difficult subject to 
demonstrate and suggesting concrete activities in this field, it is 
hoped to show that this type of program is not only desirable but pos- 
sible in all fields of elementary science. 

Slowly it is becoming more evident that to keep pace with our 
growing technology we must begin training in scientific literacy early. 
Even now it is a major problem of the designers to make the complex 
computers, machines, and communicative devices simple enough so 
that an operator can be trained to understand them. Surely if our 
most creative minds can invent, we can train our citizens to under- 
stand. Elementary science studies must eventually become a major 
part of the social studies equaling if not surmounting in importance 
the old standbys—history and geography. 
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New “rubber adhesive” is a black, fluid cement that “sticks rubber to any- 
thing,”’ the maker reports. The cement is said to produce a strong, flexible, long- 
lasting bond, and is good for attaching rubber weather stripping to auto wind- 
shields and trunk lids, for re-securing rubber floor mats, stair treads, tile blocks 
and for mending rubber boots. 





INTERDEPENDENCE OF FREE MIND, 
SCIENCE, AND DEMOCRACY 


HAROLD H. PUNKE 
Alabama Polytechnic Institute, Auburn, Alabama 


Any observer should recognize the great rise of science in Western 
Civilization during the past two centuries. He should also recognize 
the spread of democracy during that time—if by democracy is meant 
improvement in material status, dignity, self-respect and freedom of 
mind enjoyed by common people. When social and ideological con- 
vulsions occur, as under fascism and communism, it may be assumed 
that science and the material level of existence can continue to im- 
prove even though personal freedoms and similar democratic ideals 
are dwarfed. Some Americans were thus impressed by technological 
developments of the Nazis as they are by those of the Communists. 
When attacks by foreign or domestic authoritarians are made on the 
institutions of free men, any people who claim support for personal 
liberty and intellectual freedom should clearly see the relationships 
among free mind, scientific development, and democratic social 
organization, and should constantly be alert to ways in which attacks 
on one of these affect the others. 

1. A basic pluralism underlies science, democracy, and free mind.— 
While Jefferson was not alone during our revolutionary and formative 
period in recognizing the importance of free mind, he is more often 
cited than most persons of his time and was able to do more than 
most. He urged free speech so every person could present his views, 
and education to develop and evaluate the views he might present. 
If everybody feels free and capable, there will certainly bea plurality 
of views expressed—on any issue of human interest. It was main- 
tained that when each is free to express himself, unsound views are 
eventually displaced by views which withstand analysis. 

Jefferson was concerned with doctrines and practices in such fields 
as politics, economics, and religion—fields in which freedom for di- 
verse views was curtailed. Favoritism and discrimination regarding 
persons and institutions were shown through such avenues as no- 
bility in social rank, limitations on the franchise and the right to 
participate in government, taxes to support an established church, 
persecution of religious dissenters, and educational opportunity. 
Science as we know it in the United States today was not prominent 
in Jefferson’s time—as indeed it could not become in a world with as 
many special protections for established practices and obstructions 
to freedom for doubt, skepticism, analysis, and the demand for evi- 
dence to justify a philosophy or practice, as prevailed then. 
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To most Americans it seems ridiculous to try to establish any 
scientific principle by legislation or governmental decree—no act of 
Congress can make water flow up hill, change the level of tides, bring 
dead men to life, halt tornadoes, or even change the wing spread on 
honeybees, the petals on a rose, or the rate at which bacteria multi- 
ply. Any scientist knows that the only way in which man can modify 
existing patterns in any such field is by a careful study to understand 
those patterns and to experiment with suggestions for change. In 
studying present patterns and in formulating experiments he seeks 
widely for ideas from others. This is cultural pluralism—necessitating 
freedom of access to work done by others and freedom for others to 
publicize their work so there is a wide array from which the experi- 
menter can choose. 

2. Freedom as indivisible-——While free mind is considered axio- 
matic by constructive scientists—freedom to experiment, to commu- 
nicate with other minds, to doubt and attack weakness in theory, 
or challenge existing practice and dogma in other ways of which 
that mind is capable, no such freedom is so widely accepted in re- 
ligion or in socio-economic relationships generally. Thus we act as if 
extensive freedom could permanently exist in one aspect of culture 
regardless of its status in other aspects. To assume that such develop- 
ment is possible, one must assume a compartmentalized civilization. 
This is like assuming that malaria affects persons of one race only, 
that polio affects only persons of some economic strata, or that one 
section of our economy can be prosperous while other sections are 
bankrupt. The ‘‘conflict”’ between science and religion over biological 
evolution, or over the general idea of scientific method and experi- 
mental procedure for arriving at truth, illustrate the weakness of the 
compartmental view. The struggle of Jefferson in Virginia against 
taxes to support a church likewise shows the continuity of basic 
strands in social philosophy and the weakness of compartmentaliza- 
tion at that time. 

Freedom means that every fact, theory, doctrine, person, institu- 
tion, or government must be evaluated on its merits—subject to the 
same rules of inquiry and analysis, of doubt and proof, of attack and 
defense, as other items of the same class (other facts, theories, etc.). 
None has special privilege through custom, law, ‘‘Congressional Im- 
munity,” or otherwise. Only under such conditions is the soundest, 
most capable, or must functional enabled to displace others. Any in- 
stitution, person, or doctrine that is protected from public evaluation 
can develop authoritarianism—without public opinion to press for 
improvement. Unless the public can see and know, and can judge 
and make its judgment felt through economic or other avenues, 
social practices are not likely to serve the interests of common people. 
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If the interests and aspirations of average men are to constitute the 
measure of things, then average men must have free access to perti- 
nent information and must be competent to evaluate it. If freedom 
relates to every fact, person, institution, etc., then the interrelation- 
ships among facts, institutions, etc., should make it clear that free- 
dom is indivisible—not compartmentalized. 

3. Closing fields of inquiry produces closed minds.—When any field 
of interest is closed to inquiry, errors of fact and interpretation go 
uncorrected. Error thus continues, regardless of whether inquiry and 
growth of information were prevented by law and custom or by lack 
of resources for investigation. Stagnation and decay may thereby 
become characteristic of any area in economics, government, religion, 
education, military practice, or elsewhere. Using law to protect cer- 
tain practices from investigation and change means the use of the 
state’s organized power to foster ignorance in the area concerned. No 
state which thus fosters ignorance or shelters practices that would 
otherwise be discontinued can be considered a state which governs 
for the well-being of the common people. The chief business of demo- 
cratic government is to enrich the lives and ennoble the aspirations 
of such people. 

Free public education for all the people, with extensive freedom of 
teacher and learner to examine and evaluate social practices, seems 
the most important single influence for developing free and com- 
petent mind. Hence any society which hopes to develop or maintain 
free and democratic institutions must protect its schools and colleges 
from censorship or exploitation by the ignorance and prejudice of 
organized minorities. Censorship or exploitation of freedom of speech 
and press, or freedom of assembly, obviously falls into the same 
pattern. 

One reason for little inquiry in particular fields deserves further 
attention—the absence of interest in a field, or lack of resources for 
inquiring into it. Probably there will always be more possible re- 
search projects than resources for research use—regardless of com- 
ment suggesting that research foundations ‘‘are looking for oppor- 
tunities’’ to support worthwhile investigations. Much depends on 
what appears ‘‘worthwhile” to persons enpowered to make grants. 
But when personnel and other research aids are limited, selection and 
allocation are necessary. Persons who do the selecting can exert great 
influence over the directions in which ‘free’? mind will grow. This 
point has been noted in America, respecting an abundance of funds 
for science in contrast with a meagerness for religion and philosophy. 
Support of research by federal and state governments has exaggerated 
the differential noted. 
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Probably the remedy for this differential is educational emphasis, 
particularly in colleges and universities, on the interdependence of 
different cultural areas—much as there is interdependence among 
areas of freedom. Social attitudes have had much to do with freedom 
to conduct research in such fields as biological evolution, hypnosis, 
birth control, or public ownership of the means of economic produc- 
tion. With the educational emphasis suggested, one might hope that 
leaders in science and similar fields will recognize the ways in which 
lack of research in such fields as philosophy eventually handicaps 
research in science. Although experience during the past quarter 
century shows that growth in educational and research perspective 
has not stimulated much development of research in philosophy or 
religion, awareness of this situation might help somewhat. At least 
this approach avoids some problems of political domination which 
might arise if government attempted direct sponsorship of research 
in such neglected fields. 

4. Authoritarians usually claim special insights and unique visions. 
—For one to become a leader he must exhibit some capacity or enjoy 
some opportunity different from others. Such capacity or opportunity 
enables him to show insight, courage, or other characteristics which 
make his reaction to existing conditions more appropriate than the 
reactions of others. A few occasions of greater appropriateness, and 
the individual is looked to for suggestions on new difficulties. He is 
thus becoming a leader. 

After one acquires a small reputation as a leader, there may be a 
parting of the ways concerning his future leadership status. Situations 
in which he is asked to make suggestions become more complex. He 
may in humility admit his limitations, gather additional information, 
seek the counsel of others, and arrive at suggestions on a group basis 
—with perhaps himself as spokesman, but recognizing the sugges- 
tions as a group product. But on the basis of prestige gained to date 
as a leader, he may organize what information he can and personally 
“hazard a guess” regarding what to do. If his followers regard his 
“guesses” to be good, on a few occasions in which conditions seemed 
to be moving toward a crisis, his prestige and his ego become greatly 
inflated. This seems likely if his following is accustomed to a “‘strong 
man” psychology—if the people generally are unable or unwilling to 
assume responsibility for helping make important decisions, and seek 
someone to shoulder this burden. Such people usually have not ex- 
perienced enough personal liberty to realize that what little they 
have had is being placed at the disposal of the “strong man’’ who 
accepts responsibility. Where the people as a whole lack the com- 
petence, willingness, or courage to help decide significant issues, they 
will quickly accept someone with ruthless courage and with some 
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competence as “their leader’ —to whom they, perhaps eagerly, en- 
trust their lives and fortunes. The demands by the followers for re- 
sults soon induce this leader to reinforce his ruthlessness with claims 
of unique insights, special visions, and “‘irresistible destiny”? which 
pull him onward. When this stage is reached, any previous reasoning 
opposition has likely been liquidated or otherwise silenced. As a dis- 
traction from his own limitations, and as a means of preventing oppo- 
sition from crystallizing, the leader must keep active—and is likely 
to move from one act of authoritarian ruthlessness to another. 

The pattern of the authoritarian described—with its claims to 
special insights, inspired visions, beckoning of destiny, and other 
pipelines to genius which are open to him alone, is not confined to any 
period of history or to any avenue through which power may be 
grasped or exercised. The doctrine of “divine right’’ which kings used 
to claim illustrates a military-religious combination of authoritarian- 
ism. This combination frequently occurred in the antiquity of the 
Western World as well as in modern times. In the modern world the 
religious avenue is illustrated by the period of the Reformation and 
the Spanish Inquisition—with considerable present-day manifesta- 
tion in Latin Europe and parts of Latin America. Hitler illustrated 
the military-economic combination of authoritarianism, as does 
Russian communism. The Mikado before World War II was a kind 
of religious-military authoritarianism—as is contemporary Franco, 
Peron, and lesser lights elsewhere. Some “‘would-be”’ dictators in the 
United States reflect varying combinations—as achievements, or as 
ambitions. 

5. Sharable sources are basic to free mind, science, or democracy.— 
In sharp contrast with the “private pipeline” approach to genius 
characteristic of authoritarianism is the “equality of access’ ap- 
proach emphasized by science and democracy. It is axiomatic in 
science that all persons who follow a given procedure with specific 
materials will arrive at the same result. If an experimental procedure 
or finding cannot be duplicated, the reputation of the scientist who 
claims achievement is in jeopardy. According to the ethics of science 
every fact, theory, or experimenter stands on individual merits. No 
theory has prior claim on the public mind because of the person who 
formulated it or the date when formulated. In objective science, no 
scientist has status superior to any other because of ancestry, 
economic wealth, religious or political affiliation, or place where edu- 
cated. The criterion of evaluation in all cases is the evidence which is 
open for anybody to see and evaluate—with complete freedom to 
accept or reject. To facilitate evaluation by other scientists and to 
enable them to advance their own studies, the publication of findings 
is also emphasized in scientific work. Opportunity for others to make 
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confirming or challenging studies is thereby encouraged. These mani- 
festations are the opposite of monopolistic efforts by authoritarians. 
Reputable scientists also give credit for ideas or data which they 
borrow, and are usually humble in presenting their achievements be- 
cause they know the achievements are small relative to what remains 
to be done. Neither of these traits characterize authoritarians. 

When a democratic society urges equality of opportunity regarding 
education, vocation, public office, or other aspects of social status, it 
urges equal access to resources for different avenues of achievement 
the same as science urges equality concerning avenues of experimen- 
tation and discovery. Freedom to teach and to learn must character- 
ize any educational system which contributes to developing the 
ability for critical evaluation that is crucial in science, the same as 
free access to findings of other scientists and freedom to evaluate 
those findings is essential to each individual scientist. In a democratic 
society each individual is rated on his accomplishments, without 
advantage because of religion, political affiliation, inherited wealth or 
title, race, or sex. Thus the ideal of democracy is the same as that of 
science—free and equal opportunities, and public evaluation based no 
evidence which all may see. The fact that to date no society has at- 
tained equality in opportunity and public evaluation which this 
ideal implies, is a shortcoming the same as there are shortcomings in 
achieving the ideal in science. But regarding the basic areas of access 
to resources and opportunities, and of evaluating worker and achieve- 
ment, science and democracy have the same ideal. 

From the two foregoing paragraphs it should be clear that there 
can be little science or democracy without free mind—that is, free- 
dom of access to knowledge or theory on any subject that appears 
anywhere in the world, freedom to develop competence for evaluating 
such knowledge or theory, and freedom to discuss and criticise it in 
speech or writing—in small or large groups. Freedom of speech and 
discussion, with opportunity to acquire knowledge to discuss, seems 
the most important of all freedoms—from it, freedom of religion, 
freedom of vocational choice, and other freedoms flow. 

If freedom as described is referred to as pluralism, one should not 
be confused. Freedom of speech necessarily results in many views 
being expressed (pluralism), in contrast with one view (monopoly) 
under dictatorship. This is true whether the field concerns science, 
politics, religion, vocation, health, family life—or anything else of 
interest. The manysidedness of experience which pluralism entails, 
insures a wide range of experience on which the imagination can draw 
in formulating new hypotheses. Pluralism implies interaction among 
the many individual items, with gradual elimination of those which 
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cannot readily reshape themselves as experience demands. Pluralism 
thus implies mobility. 

6. Concern of scientists regarding use of findings and opportunities 
for independent research.—About a generation ago many scientists 
showed little concern for the uses made of their findings. Some prided 
themselves on meager concern, as if thereby to emphasize “pure” 
scientific interest. Since then the body of scientific knowledge and 
the resources devoted to experimentation and research have greatly 
increased. Daily life is more directly influenced by science now than 
it was a generation ago. 

The further development of science depends largely on social atti- 
tudes and on willingness of the people generally to devote extensive 
resources to further scientific study. Thus it behooves scientists to 
make sure that the social climate is favorable to their work. Such cli- 
mate includes the opportunity of scientists to carry on research, and 
to discuss or publicize their procedures and findings. One way to in- 
sure such climate is to keep the people informed about contributions 
of science to human well-being—or perhaps to frighten them regard- 
ing potentialities of enemy nations. The findings of science during 
the last few decades have greatly extended man’s control over nature 
and fellowman. The trends of cultural change therefore depend in- 
creasingly on the uses made of scientific findings. Hence any impor- 
tant scientist who is interested in the future of scientific development, 
or of American culture in general, can no longer remain indifferent to 
the uses made of his findings. 

One aspect of the problem regarding use of findings relates to the 
growth of industrial corporations and governmental research agen- 
cies, and the extent to which such organizations control the oppor- 
tunities for young scientists to get research training or experience. 
Much present-day research is “big business’ in the sense of invest- 
ment in equipment and salaries. Hence young scientists may be “as- 
signed”’ certain tasks—as parts of large projects under the super- 
vision of others. The question concerns the amount of “freedom of 
mind” and personal responsibility for outcomes which the young 
scientist has. To be a “flunky” in the bottom echelon of a research 
hierarchy under the supervision of a few great scientists, may not de- 
velop much free mind or scientific potential as previously considered. 
Much depends on including lower echelon personnel in planning and 
evaluative discussions. The same applies to graduate study in uni- 
versities—are graduate students maintained on fellowships as 
“flunkies” to help professors develop materials for new publications, 
after the materials have en route served the thesis needs of the 
student, or do students have major freedom and responsibility for de- 
signing and carrying out studies? 
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7. Scientific spirit as an ethical code for democracy.—Perhaps science 
and democratic institutions could travel substantial distances to- 
gether as they develop, and still have considerably different goals 
or different codes of ethics. A code of ethics should perhaps be con- 
sidered a gradual development of values which grow out of social 
relationships and reflect general consensus on what those relation- 
ships should be. Since both free and authoritarian societies have de- 
veloped science to high levels, as Nazi Germany and the United 
States, it must be possible for science to have no particular influence 
on ethics or to influence it in greatly different ways. Hence science’s 
code of ethics should perhaps be examined from the democratic 
standpoint. 

a. There is no conflict between science and democracy in the ideal 
of developing free mind, as already noted—freedom to study any 
topic of interest and to discuss findings, theories, or social value con- 
cerning it. 

b. There is likewise no conflict regarding the ideal of equality— 
evaluating each person, fact, theory, institution, or social practice on 
individual merits, with any interested persons qualified to present 
evidence or have access to the evidence presented by others, and with 
no special privilege or special handicap. This ideal implies equality 
of educational, economic, political, and other social opportunity for 
persons to develop competence in any field of interest. The im- 
portance of equality concerning data and theories seems axiomatic 
with respect to science. It should be equally axiomatic concerning 
human relationships. 

c. Science fosters persistent search for truth, and insists on strict 
honesty by scientists. Precise observation is always essential to dis- 
covering truth—with continuous improvement of instruments and 
techniques needed for discovering the less obvious truth. A check on 
accurate observation and honest reporting exists in the possibility for 
others to corroborate one’s findings. 

In trial by jury, election of public officials, levying taxes, or enact- 
ment of legislation generally there should be equally persistent search 
for truth—finding the facts regarding persons and issues, with effort 
to improve techniques of search and evaluation of findings. Although 
some persons think the level of honesty and integrity of politicians 
is below that of scientists, there is notable variation within both 
groups—and politicians usually deal with more complex materials. 
There is no good reason, however,’ why this ideal should not be ac- 
ceptable in social relationships as well as in science. 

d. True science strives to make research findings the common 
property of scientists everywhere. The same applies to invention. In 
practice this ideal is greatly warped by patent laws, corporation 
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pools controlling research and inventions, wartime censorships and 
monopolies by governments, and other factors. Such phenomena may 
cloud the ideal at a particular time or in a particular society; they do 
not disprove its importance for the scientific spirit or for improving 
human well-being by means of science. In a civilized world, making 
new knowledge the common property of mankind to improve the 
status of life among all peoples is a worthy ideal of true science. 

Democracy too aims to raise the level of human existence, and in- 
creasingly recognizes that different regions of an interdependent world 
cannot live peacefully if half are freed through knowledge while half 
are enslaved through ignorance. The American Point 4 program and 
other developments reflect growing effort to implement this ideal. 
Exaggerated nationalism and other aspects of international chaos 
may make it difficult to recognize the democratic ideal of a decent 
level of existence for mankind everywhere, yet when the observations 
are sufficiently comprehensive and the data are evaluated with suf- 
ficient care encouraging progress toward this ideal can be noted. Thus 
both science and democracy aim to improve the lot of mankind here 
on earth, and both are using techniques which produce tangible re- 
sults. As they do so, each freely gives credit to the other for accom- 
plishment—as each worker in either field gives credit to coworkers. 

e. Pluralism, or many sidedness of approach and tolerance for dif- 
ference, is essential to both democracy and science. In science it may 
be reflected in opportunity for different workers to attack a problem 
from different standpoints, or in one worker confirming the results of 
another. Search for truth thus involves continuous harmonizing of 
diverse findings and interpretations into organic unity—similar to an 
orchestra leader harmonizing the different parts into a concert. In 
social organization pluralism implies tolerance and acceptance on a 
basis of initial equality for diverse racial and ethnic groups, or for 
different views—in religion, economics, education, government, 
family life, mode of dress, or any other sphere of interest. Where di- 
versity exists there will more likely be workable suggestions for new 
situations than where no diversity is allowed. The idea resembles that 
in biological evolution, where individual variation is necessary before 
the environment can select the fittest to survive. Variation among 
suggestions makes it possible to select and establish those which prove 
best. Diversity stimulates search for new evidence and increases the 
care with which evidence is evaluated. 

With more interrelationships among the world’s diverse peoples, 
greater interdependence seems certain. This can come about through 
harmonizing diverse groups by means of tolerance and equality, and 
moving toward unity based on growing common interests. But if it 
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is not done on this basis, it will likely be done on the totalitarian basis 
of arbitrary edicts functioning through arbitrary force. 

f. The democratic ideal on which science in the past has been weak- 
est is lack of interest in the uses made of scientific findings. This is 
the follow-through by which scientists show concern that their efforts 
help fellowman, rather than becoming instruments for exploiting 
fellowman or limiting their significance to being ways in which sci- 
entists satisfy their curiosity and have fun. Democracy recognizes 
that each must work cooperatively with and for others—that each 
must be his brother’s keeper. This end is not achieved through scien- 
tific findings until the findings are used to help mankind. If a scientist 
abandons the process when findings are merely secured, others may 
use those findings primarily to enslave fellowman—or merely let 
them become buried under more recent accumulations of knowledge 
and affairs. 

Failure to follow through is not confined to scientists; many reli- 
gious leaders, educators, political leaders, and others are guilty—of 
making a start toward the ideal of equality and helpfulness to fellow- 
man without devising means of carrying on to fruition. However to 
date this shortcoming has been pronounced among scientists. 

With respect to freedom of mind, and other ideals which this dis- 
cussion has characterized as democratic, it is encouraging to see out- 
standing scientists becoming concerned about the uses made of their 
findings. There are various reasons for encouragement. (1) Interest in 
follow-through to the point where findings aid rather than exploit 
fellowman, has been considered. (2) A corollary relates to the extent 
to which research work is done for or “bought up by”’ corporations 
and kept from use so it will not render existing investments unprofit- 
able. Possibly scientists could build a strong enough organization 
among themselves to prevent this from happening extensively, even 
if members of the organization are employed by offending corpora- 
tions. Industrial labor has accomplished much through organization. 
(3) If scientists follow their findings to points of application, they are 
likely to see many ramifications which they otherwise miss. Some 
scientists may thus become less provincial in outlook—they may 
transfer their scientific and objective techniques into related social 
fields, rather than be scientific and progressive in their specialty but 
orthodox and reactionary in social fields. Thus from being “partly 
scientific” scientists they would become “‘more extensively scientific” 
scientists. This “transfer of training,” or harmonizing of diverse 
fields through common techniques, is part of the development of 
organic unity out of diverse elements which is essential to democracy. 

True scientific spirit and true democratic practice can go a long 
way in following the same ethical code. Clear recognition of this fact, 
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by both lay and professional men, will strengthen both science and 
democracy—and move them toward closer unity. However a separa- 
tion between democracy and science can lead to the destruction of 
both. The major difference between totalitarian scientists and demo- 
cratic scientists, at least in the early stages of development, is not in 
range of strictly scientific facts which they know but in their atti- 
tudes or social philosophies regarding the use that should be made of 
those facts. 


INSTRUCTIONAL MATERIALS FOR CONSERVATION 
SAM S. BLANC 
East High School, Denver, Colorado 


The topic of conservation of natural resources is one of the very 
important topics with which pupils should become acquainted as a 
result of their work in science. If there are the means available, field 
trips to areas illustrating the results of forest fires, unchecked erosion, 
soil depletion, and so forth, should be arranged. To actually see the 
end products of man’s carelessness and lack of foresight in some in- 
stances, is the most graphic means of teaching conservation. Charts 
and bulletin board displays are always helpful in providing for pupil 
activity. Many excellent motion pictures and filmstrips are available 
for this topic. As a general introduction, a one-reel film, Conservation 
(EBF), and a series of filmstrips in color, Conservation (PSP), may be 
used. For explaining the concept of soil conservation, a new series of 
eight filmstrips, Soil Conservation (EBF), has been produced. The 
Living Earth Series (EBF) is a group of four outstanding one-reel 
color motion pictures produced in collaboration with the New York 
Zoological Society. The titles of these four films are: (1) Birth of the 
Soil, (2) This Vital Earth, (3) Arteries of Life, (4) Seeds of Destruction. 
As the titles indicate, this series is concerned with soil depletion and 
the proper measures of conservation. Another one-reel film, Our Soil 
Resources (EBF), should also be useful in treating some phases of this 
topic. 

The United States Forest Service has a number of charts and ex- 
hibits available for school use. A fifty-frame filmstrip, Using Our 
Forests Wisely (PSP), and a number of fine motion pictures are 
available. The following list merely indicates a few of the titles useful 
in building up good attitudes towards forest conservation. 

1. Green Harvest 3 reels, color, MTP 
2. Everyman’s Empire 2 reels, color, USF 
3. Forest Ranger 3 reels, b&w USF 
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4. Forests Forever 23 reels, color, USF 
5. Forest Conservation 1 reel, color, EBF 
6. Forest Grows 1 reel, color, EBF 
7. Forest Produces 1 reel, color, EBF 
8. Forests and Conservation 1 reel, b&w COR 
9. Tree of Life 2 reels color USF 
10. Use of Forests 1 reel, b&w COR 


Conservation of our wildlife resources may be taught graphically 
by means of field trips into the country to study the cover, habitat, 
and other factors favoring the development of game animals, fish, 
and birds. Exhibits of game laws should be made for bulletin board 
use. Several motion pictures may be used to illustrate the relation- 
ship between advancing civilization, pollution of streams, destruc- 
tion of cover, and so on, to the gradual disappearance of our wildlife 
resources. 


1. Conservation Road 2 reels, b&w, FI 
2. Heritage We Guard 3 reels, b&w, USS 
3. Lifeblood of the Land 2 reels, color, USF 
4. Realm of the Wild 23 reels, color, MTP 
SOURCES OF MOTION PICTURES AND FILMSTRIPS 
COR Coronet Films, 65 East South Water St., Chicago, Il. 
EBF Encyclopaedia Britannica Films, 1150 Wilmette Ave., Wilmette, IIL. 
FI Films Incorporated, 330 W. 42nd St., New York, N. Y. 
MTP Modern Talking Picture Services, 45 Rockefeller Plaza, New York, 
N. Y. 
PSP Popular Science Publishing Co., A-V Division, 353 Fourth Ave., New 
York, N. Y. 
USF U. S. Forest Service, Dept. of Agriculture, Motion Picture Section, 
Washington 25, D. C. 
USS U. S. Soil Conservation Service, Dept. of Agriculture, Motion Picture 


Section, Washington 25, D. C. 


THE PURDUE-GENERAL ELECTRIC SUMMER SCHOOL 


The Purdue-General Electric Fellowship Program for Secondary School 
Teachers of Mathematics has been renewed for 1954. There will be fifty Fellow- 
ships available for high school teachers of mathematics in the eleven state area 
including Illinois, Indiana, Iowa, Kentucky, Michigan, Minnesota, Missouri, 
Ohio, Tennessee, West Virginia and Wisconsin. 

The Fellowships cover essentially all expenses, including cost of travel both 
ways between the Fellow’s school and Lafayette, lodging and meals in one of 
the University dormitories for the period of the program, June 21—July 31, 1954, 
and course fees. The program includes three courses, carrying a total graduate 
credit of eight hours, and a seminar on problems of teaching and counselling in 
high school. Special features include inspection trips to plants of the General 
Electric Company in Fort Wayne, Indiana, and Danville, Illinois. 

Further information and application forms for the Fellowships will be sent 
upon request addressed to Professor Ralph Hull, Head, Department of Mathe- 
matics, Purdue University, Lafayette, Indiana. 


REVIEW OF THE FUNDAMENTAL PROCESSES—THE 
CROSS NUMBER PUZZLE 


MARGARET F. WILLERDING 
Harris Teachers College, St. Louis, Mo. 


It is very difficult to stimulate the interest of junior and senior high 
school students in review of the fundamental processes of arithmetic. 
If the review is given in traditional “‘deadly”’ drill, few of the objec- 
tives of the review are accomplished. Answers are written unenthusi- 
astically and the same errors appear which the drill is attempting to 
correct. Number games which stimulate such review in the elemen- 
tary grades are too childish for the “sophisticated” high school 
students. 

A good review of the fundamental processes is the Crossnumber 
Puzzle. The crossnumber puzzle differs from the crossword puzzle in 
that it uses numbers instead of words. Not only is such a number puz- 
zle a good review of fundamental processes, but it is an excellent 
motivating factor in the teaching of arithmetic. 

Most students of junior high school age are familiar with the for- 
mat of the crossword puzzle. Hence it is very easy to explain the cross- 
number puzzle. 

After one class had learned how to work the crossnumber puzzle 
and had become enthusiastic about it, time was taken to explain the 
make-up of the puzzle. Showing them some simple designs (see draw- 
ings below), we discussed the techniques for their construction. Then 
the students tried creating an original puzzle using these simple 
designs. 






































Soon some of the brighter students were making puzzles of these, 
as well as much more complicated designs. They presented their 
puzzles to the class. The class was eager to try each original puzzle 
and to detect any errors in the puzzle. New problems were created 
by the class to correct the errors found in the original puzzles. 

Needless to say a review of the fundamental processes of arithmetic 
was accomplished with enthusiasm and interest. 
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REVIEW OF THE FUNDAMENTAL PROCESSES 


Horizontal Vertical 

1. Three eights 1. 128+-1075+399+595 
2. 24X16 2. 6X7 

6. The remainder of 37+5 4. 2040+24 

7. Cost of 25 pencils at +$.05 each 5. 182X23+86 

9. Number of feet in a mile 6. 5073 —3071 

11. 124—87 8. 6X8+5 

13. Distance traveled in 18} hours at 40 M.P.H. 10. 9X9+3 

15. Nine eights 12. 9X7+8 

17. 12X11 16. 44+38+-126+87 
19. 3528+36 18. 3213—2835 
20. 23 21. 54*8+4 
21. The difference between 92 and 47 22. SOX3X3 
22. 96X6+11 23. 15X5 
24. The remainder of 108+10 24. 8x 100+6x10+4 
26. The smallest number divisible by 9, 3, and 7 28. 2 dozen 


27. 365+161 
29. 8? 

30. 2X2+3X5 
31. 114 





NOW WE HAVE GENERAL EDUCATION 
RAYMOND L. KRUEGER 
Wittenberg College, Springfield, Ohio 


Numerous articles are appearing on science courses in general 
education and the place of mathematics therein. Here is what one 
college is doing. The writer has been close to the problem since 1944, 
for two years as vice coordinator of the science division, for the next 
three as coordinator, and also on the educational policies committee 
here during that time; then as chairman of a special committee to 
study the question of general education science courses and develop 
them here; and finally on the committee which formulated the present 
plan that goes into operation this fall. Our experiences and the various 
phases through which the work progressed may be of help to other 
institutions. 

Right at the start let me say that introducing anything new of this 
scope and magnitude is a slow process and at times a discouraging 
one—also it’s a lot of work, much of which seems nonproductive as 
far as the end product is concerned. We try to be a democratic institu- 
tion here—that is, the administration didn’t come right out and tell 
us to go ahead and adopt the general education, set it up, and then 
teach it (although they hinted strongly that it was to be done). In- 
stead, everything had to have faculty approval, and that meant 
faculty discussion. Hence many was the committee report and rec- 
ommendation that was torn to shreds and squelched. (How many of 
you are in the same boat?) However, it’s good to make haste slowly. 
This business of experimenting is fine, but not when it comes to mess- 
ing up the college education of a bunch of student guinea pigs. 

So we went into the problem rather early. At that time not too 
much had been done. The Harvard plan!’ was just out. Our faculty 
took a whole year to study and summarize this and discuss it, and 
found it didn’t even come close to fitting our needs. The writer visited 
Michigan State College and inquired about the general education in 
their Basic College plan, and brought a stack of literature and syllabi 
back from there. A number of educators from other schools came here 
and talked to us, some through the North Central Association and 
some by private invitation. We set up a special reserve shelf in the 
library and tried to keep up with the books on general education that 
were being published. A number of our faculty recently went to a 
clinic on general education where it appeared that the host college 
was rather unhappy and dissatisfied with what it had been doing. 


1 Harvard University Committee, “General Education in a Free Society.” Harvard University Press, 1945. 
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Much good came out of all this, not so far as specific values were con- 
cerned, but there was established an awareness of our problem and an 
awakening to many of its ramifications. 

We have three divisions here, Humanities, Science, and Social 
Studies. Some of the early considerations that came to our attention 
in the science division follow: 


a) acommon understanding of what is meant by general education 

b) aims and objectives 

c) plans in operation at other schools 

d) available textbooks and a syllabus 

e) distribution, amount, kind of material for various topics 

f) curricular, and administrative policies 

g) equipment and demonstration apparatus on hand and addition- 
ally needed 

h) teaching loads and assistants 

i) lecture rooms and time schedules 

j) training of teachers to offer the integrated course 

k) a testing program and evaluation 


Our first thought was to offer a quite substantial course in science 
—16 hours in two full years (4-4-4-4). It soon became apparent that 
we were too ambitious—this was more than the traffic would stand, 
especially since another division was about ready to start a one year 
8 hour course (4-4). Some college teachers are quite touchy when their 
own subject matter seems to be encroached upon. (Maybe this is a 
good thing—if we aren’t sold on the importance of our own field we 
may not do as good a piece of work in teaching it enthusiastically.) 
But some even expressed concern that they might be out of jobs if 
so many hours of general education (which they wouldn’t be teaching) 
were required that not enough students would be able to take some of 
the other traditional courses. So we quickly adjusted our thinking 
to a one year 10 hour course (5-5), with the feeling that “‘half a loaf 
was better than no loaf at all.” (I hope that isn’t used in the verbal 
sense “to loaf,’ for then no course at all is better than a “‘snap.”’ 
There does seem to be some tendency toward interpretation of general 
education as primarily for the inferior and lazy students who can’t 
carry substantial, quality work—you know, the sort of thing where 
everybody passes without much effort.) 

A two track system seemed necessary. The general education sci- 
ence was not to count as a prerequisite for other courses. It was to 
be required for graduation of all non-science majors. Science majors 
could take it if they wished, or could take the individual sequential 
courses, according to their needs. It was to be non-laboratory in 
nature, but include various types of demonstration work. At first we 
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recommended it as a laboratory course which could be counted as the 
student’s institutional requirement of ‘‘one year in a laboratory sci- 
ence,’ and thought this would be very welcome. But the reaction 
was just the opposite—the non-science people felt that this would 
impose additional laboratory on their students, since to make up the 
total of 20 hours required in science they would probably have to 
take another laboratory science (or mathematics, horrors!). So you 
see we aren't too popular outside of our own family, so-o-o- we made 
it non-laboratory. To do the job right it must be realized that a two 
track system of this kind will cost more. Different equipment for non- 
laboratory group demonstration will be needed; teaching loads for 
this work should be lightened for the first few years; students will be 
spread thinner since there will be more course offerings, for although 
some classes may be eliminated (it’s possible to chop off a couple 
where there are a number of sections in a course) some will be smaller 
(where only one section in an essential core subject is offered and this 
must be retained). 

The material was to be divided roughly as follows (not segregated, 
of course, but blended into a unified whole): one-eighth Astronomy, 
one-eighth Geology, one-quarter Biology, one-quarter Chemistry, 
one-quarter Physics, to be given in that order, with a bit of mathe- 
matics, home economics, hygiene, etc. scattered in as called for, 
subject however to considerable modification depending on the 
choice of a suitable textbook. And there certainly seems to be a wide 
variety of treatment available in textbooks, largely determined by 
each author’s ideas on the subject. 

The question of more or less mathematics came up for a lot of dis- 
cussion. First we thought that “very little’? was the answer. Then 
serious consideration was given to an entirely separate course in 
general mathematics (say five hours for one semester, or a year course 
of six hours (3-3)). But again science was being “overloaded.” So 
we're back to “very little,’ to be introduced when, as, and if needed. 
Chemistry will want a little work on equations, physics could use 
some calculus, a bit of statistics would be handy for economics and 
education, etc. Subsequently I read that a survey was made of 33 in- 
stitutions and that where general education courses were offered 
“with but a single exception mathematics has no place in any of these 
courses.’ 

General objectives discussed were: 

1. Scientific method—teasoning 


2. Facts of science—important basic principles 


? Cameron, E. A. “Some Observations on Undergraduate Mathematics in American Colleges and Univer- 
sities,’’ American Mathematical Monthly, p. 151, March 1953 
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3. Historical development—the modern world 
4. Philosophy—current thought 


Three plans were suggested in February of 1949: 


Ist. Offer the course the year after next and train one or two in- 
dividuals next year to teach it, either by outside visitation and study 
or by local training, or both. 

2nd. Offer the course next year under separate instructors in each 
subject. 

3rd. Because of certain technical difficulties and expenses in the 
science setup, wait, and see how general education works out in the 
other divisions. 

We hoped for the first, we expected the second, we got the third. 
The social studies division finally, in 1951-52, offered a one year, 8 
hour course (4—4) called ‘Introduction to the Social Studies.”’ After a 
trial of two years, this has been discontinued. It appears now that two 
things were wrong: a) it was made elective instead of required—two 
sections developed, these finally dwindled to one; b) it tried to serve 
both as a general education course and also be the prerequisite for 
continuation courses in economics, political science, sociology. 

This year we start on a program of general education courses re- 
quired of all students for graduation. None of these serve as prereq- 
uisites for other courses but they all apply to the required hours in 
each division. A 6 hour year course (3-3) in the social studies is to be 
taken by freshmen; a 6 hour year course (3-3) in humanities is for 
sophomores; the science division plans to offer both a 3 hour ‘Our 
Living World” course and a 5 hour “The Physical Universe”’ course 
each semester, and a student will need both of these sometime before 
graduation, unless he has taken a year course each in both chemistry 
and physics to substitute for the latter and/or a year course in biology 
to substitute for the former. We have recently issued a brief college 
bulletin “Expanding Horizons—General Education Offers New 
Values” in which the Physical Universe course is described as follows: 

“A study of fundamental topics selected from the areas of the various physical 
sciences. The course is especially designed to provide: 1) An appreciation of the 
scope of the physical sciences and their interrelationship; 2) an understanding of 
certain basic principles which apply to the physical universe; 3) a recognition 
of the role of science in the development of our civilization.” 

In contrast to all this, some of our people feel that we’ve been doing 
a good job in giving general education courses in our regular science 
classes as they have been offered. One publisher recently emphatically 
advertised a ‘‘Non-Integrated” treatment of mathematics*—Algebra, 
Trigonometry, Analytic Geometry, Calculus—which is “easier to 


3 Elliott and Miles, College Mathematics, A First Course, 2nd Edition, Prentice-Hall, 1951 
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learn, easier to teach”’ because it “saves (the student) from the con- 
fusion which often results from the use of integrated treatments of 
college mathematics.’’ Could the same thing be said about college 
science? This raises the all important query, just what do we mean 
by General Education? I believe it would be difficult to find common 
agreement on this at present. And yet, until there is some uniform 
understanding, it seems that a certain amount of experimentation is 
inevitable. 

The social studies division is now calling its course ‘Development 
of Western Civilization.’”’ Is this general education in social studies 
or just a glorified history course? The humanities people say theirs 
will be ‘Appreciation of the Humanities,” which will include Art, 
Literature, and Music. Is “‘appreciation” general education? Are we 
in science just going to give a hodge podge of facts in biology and 
physical science or will there be something more that the conventional 
courses haven’t achieved? We hope that the latter will be true. Just 
how or to what extent will now rest largely with the individual teach- 
ers (more power to them). We believe the opportunity is there. For 
it is in the classroom where the meaning of the whole question is 
interpreted, there’s where the aims and objectives become clarified, 
the methods of presentation take on significance, the inclusion or 
omission of various materials is decided. 

Does this all make sense or are we still fumbling around? 


NEW MAGAZINE FOR HIGH SCHOOL MATHEMATICS STUDENTS 


For many years secondary school teachers of mathematics have felt a need for 
a journal written especially for the student. The National Council of Teachers 
of Mathematics, in cooperation with the Mathematical Association of America, 
is attempting to meet this need by the publication of a new journal called The 
Mathematics Student Journal. 

The Mathematics Student Journal will contain enrichment and recreational 
material not found in the ordinary textbooks. Alert teachers of mathematics 
have long been aware of the unlimited amount of enriching and stimulating 
material available on an elementary level in mathematics, but they have found 
that the press of busy schedules makes it difficult to kook up this material and 
prepare it in a form for presentation to students. The new journal will aid greatly 
in solving this problem. A special feature of the journal will be a problem depart- 
ment to which students may contribute both problems and solutions. Because 
of its nature the new journal will also appeal to many adults with an interest in 
mathematics. 

The new journal will be issued four times a year during the months of October, 
December, February, and April. The first issue will be distributed in February 
1954. The subscription price will be 20¢ per year or 15¢ per semester. However 
mailing will be done only in bundles of five copies or more, since the low subscrip- 
tion price does not permit the mailing of individual copies. Teachers should 
obtain subscriptions for their students and submit them in a group, all orders in 
a group running for the same period of time and being mailed to the same address, 

Subscriptions should be addressed to: National Council of Teachers of Mathe- 
matics, 1201 Sixteenth Street, N. W., Washington 6, D. C. 








ELECTROMAGNETIC EXPERIMENTS FOR 
ELEMENTARY CHILDREN 


Louis RZEPKA 
Leslie Elementary School, Detroit, Michigan 


Here are some simple but exciting experiments which can be used 
with elementary school children in the study of electromagnetism. 
A list of materials, directions, and explanations are given with each 
experiment. Some of the experiments demand simple apparatus 
which can easily be made by the resourceful teacher. 

The author has been most successful in using these experiments 
as an introduction to the topic of electromagnetism. The pupils are 
allowed to work in small groups. The instructions with the needed 
materials for each experiment are placed in a cigar box, thereby 
making each experiment readily accessible to each group. Apparatus 
which is too large for a box, such as a dry cell, is usually placed on a 
table. When each group has had the opportunity to complete each 
experiment, discussion and further experiments in the form of teacher 
demonstrations follow. 

The experiments have been oriented around the following electro- 
magnetic facts: 


1. A magnet, either an electromagnet or a permanent magnet has a 
magnetic field around it. 
2. The like poles of two magnets will repel each other. The unlike 
poles of two magnets will attract each other. 
3. An electromagnet can be made by winding a copper wire around 
an iron or steel core and passing an electric current through it. 
4. A wire through which an electric current is passing will have a 
magnetic field around it. 
An electromagnet has a north and a south pole. 
6. The law of magnets will hold true for electromagnets as well as 
for permanent magnets. 
. The polarity of an electromagnet will depend upon the direction 
of the current of electricity passing through it. 

8. Electromagnets can be made stronger by adding on more turns 
of wire or by varying the amount of electricity passing through 
the electromagnet. 

9. Changing the direction of the electric current passing through the 
electromagnet will change its polarity. 

10. Electromagnets are temporary magnets. 
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Pupit EXPERIMENTS 


1. Materials needed: 
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two permanent magnets 

Place the north pole of one magnet against the south pole of 
the second magnet. What happens? Now place the north pole of 
the first magnet against the north pole of the second magnet. Do 

the two magnets behave differently? Why? 
Explanation: 

When the two like poles, either the two north, or two south 
poles of two magnets are brought together they will repel each 
other. The opposite will be true when unlike poles of two magnets 
are brought together. The unlike poles will attract each other. 
This magnetic phenomenon is sometimes referred to as the “law 
of magnets.” 


3. Materials needed: 


a dry cell 
a piece of cardboard or stiff paper 
iron filings 

a piece of copper wire 

Connect one end of the copper wire to the positive pole of the 
dry cell. Now force the wire through the center of the cardboard. 
Connect the other end of the wire to the negative pole of the dry 
cell. (Do not allow the wire to get hot.) Pour some iron filings 
into the cardboard. Tap the cardboard slightly. What happens 
to the iron filings? Draw the pattern made by the iron filings. 
Explanation: 

A wire which has electricity passing through it, will have a 
magnetic field around it, similar to that of a permanent magnet. 
In this case the iron filings will arrange themselves in a circular 
pattern, being concentrated near the wire and becoming weaker 
as they spread out from the wire. 

Materials needed: 
a dry cell 

a pocket compass 
copper wire 

Place the compass on a table. Connect the wire to the dry cell 
and hold it over the compass needle. Does anything happen to 
the compass needle? Change the direction of the current passing 
through the wire by changing the wire leads on the dry cell. 
Does the needle point in the same direction as before? 

Explanation: 

It was Hans Oersted, a Danish scientist, who first performed 
this simple experiment which shows the relationship between 
magnetism and electricity. When a wire through which an 
electric current is passing is brought near a compass needle either 
the north or the south pole of the compass will point toward the 
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wire, depending upon the direction of the current flowing through 
the wire. The behavior of the compass needle indicates the 
presence of a magnetic field around the wire carrying the electric 
current. The two magnetic fields, one of the compass needle and 
the other of the wire, attract and repel each other causing the 
compass needle to assume a certain position. 

Materials needed: 

apparatus Fig. 2. 

a dry cell 

a permanent magnet 
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Connect the apparatus to the dry cell. Now bring the north 
pole of the magnet near the swinging wire of the apparatus. 
What happens to the wire? Now bring the south pole of the mag- 
net near the same wire. Does the wire behave in the same manner? 
Explanation: 

This experiment demonstrates the electromagnetic principle 
discovered in experiment number four. When either the north or 
south pole of a magnet is brought near the swinging wire of the 
apparatus in Fig. 2, it will either repel or attract the wire depend- 
ing upon the direction of the current flowing through it. 


. Materials needed: 


Rogets Spiral Fig. 1 
Connect the apparatus to a couple of dry cells. What happens 
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to the coil of wire? Why does the end of the coil go in and out of 
the mercury dish? Why is the mercury used? 
Explanation: 

A coil of wire through which an electric current is passing will 
have a series of magnetic fields around it, each independent of 
and associated with each loop of the coil. As a current of elec- 
tricity is passed through the coil the individual loops with their 
magnetic fields will attract each other, thereby compressing the 
coil and pulling the end of it from the pool of mercury, breaking 
the electrical circuit. As the circuit is broken the magnetic fields 
of the coil cease to exist, causing the end of the coil to fall back 
into the mercury completing the electrical circuit and repeating 
the process over again. 


. Materials needed: 


one large nail 
a piece of copper wire about three feet long 
a dry cell 

Wrap the wire around the nail. Connect the two ends of the 
wire to the dry cell. Bring some iron or steel objects near the ends 
of the nail. What happens to them? Disconnect the dry cell. Do 
the objects still cling to the nail? Why not? 

Explanation: 

If a wire through which an electric current is passing is wrapped 
around a piece of soft iron or steel the metal will become a mag- 
net. However, it will be a magnet only when electricity is passing 
through the wire. This type of magnet is called an electromagnet, 
Fig. 4. 

Materials needed: 
one large steel nail 
copper wire 

two dry cells 

steel tacks 

Wrap two turns of the wire around the nail. Connect the ends 
of the wire to the dry cell. Pick up as many tacks as possible 
with the electromagnet using only one dry cell. Record the 
number of tacks picked up using two turns of wire and one dry 
cell. Connect a second dry cell to the first one. How many tacks 
can you pick up using two dry cells? Increase the number of turns 
of wire on the electromagnet, at the same time use one and then 
two dry cells for a source of current. Record the number of steel 
tacks picked up keeping in mind the number of turns of wire and 
the number of dry cells used. 

Explanation: 








62 


10. 


11. 


SCHOOL SCIENCE AND MATHEMATICS 


An electromagnet can be made stronger by either adding on 
more turns of wire or using more electric current. 
Materials needed: 
an electromagnet, Fig. 4 
a dry cell 
a permanent magnet 

Bring the north pole of the permanent magnet near one end of 
the electromagnet. What happens between the two magnets? 
Now bring the south pole of the permanent magnet near the same 
end of the electromagnet. Now what happens between the two 
magnets? Repeat this procedure for the other end of the electro- 
magnet and record your results. 

This experiment is used to show the similarity between electro- 
magnets and permanent magnets in regard to the law of magnets 
as shown in experiment number one. In performing the above 
experiment it will be found that electromagnets have a north and 
a south pole as do permanent magnets. The two poles of an elec- 
tromagnet will either attract or repel the poles of a permanent 
magnet. 

Materials needed: 

a dry cell 

an electromagnet 

a permanent magnet 

Connect the electromagnet to the dry cell. Now bring the north 
pole of the permanent magnet near one end of the electromagnet 
to determine its polarity. Now change the direction of the current 
passing through the electromagnet by changing the lead con- 
nected to the positive pole of the dry cell to the negative pole 
and the negative lead to the positive pole of the dry cell. Now 
bring the north pole of the permanent magnet up to the same end 
of the electromagnet. Do you get the same results as before? 
Why not? 

Explanation: 

Changing the leads on the dry cell changes the direction of the 
electricity passing through the electromagnet. Changing the 
direction of the electricity will change the poles of the electro- 
magnet. This is another important difference between electro- 
magnets and permanent magnets. 

Materials needed: 
an electromagnet 
a dry cell 
a sheet of paper 
iron filings 
Connect the leads of the electromagnet to the dry cell. Now 
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sprinkle some iron filings over the paper. What happens to the 
filings? Where are the iron filings concentrated? Draw the pat- 
tern made by the filings. 

Explanation: 

The iron filings will arrange themselves along the lines of force 
of the electromagnet. The pattern will be similar to that of a 
permanent magnet. 

12. Materials needed: 
apparatus shown in Fig. 3 

Connect the apparatus to two or more dry cells. What happens 
to the suspended bar magnet when the pushbutton is pressed 
down? Why does it stay in a certain position? Can you make the 
bar magnet turn? 

Explanation: 

This experiment could be called a synthesis of the preceding 
experiments. It is a simple demonstration of the electric motor 
principle. When the pushbutton is pressed down, the electric cir- 
cuit through the electromagnet is completed. The magnetic field 
of the electromagnet will repel and attract that of the bar magnet, 
causing the bar magnet to align itself according to the polarity 
of the electromagnet. If the pushbutton is pressed and released 
at the proper interval, the bar magnet can be made to turn. 


WHAT IS THE WEIGHT OF A BODY? 
JuLtus SUMNER MILLER 
2116 Benecia Ave., West Los Angeles 25, Calif. 


It seems to be acceptable practice for textbook writers and teachers 
to define the weight of a body as the force of gravitational attraction 
between the body and the earth, that is, a force mg, which is the 
earth’s attraction upon a mass m, directed vertically downward. 
This is not exactly true. Let us show it. 

Let m be a mass on the earth’s surface at a latitude 6. The total 
gravitational pull of the earth on m is q, say, and this is a force directed 
approximately to the earth’s center. If, now, the earth did not rotate 
this mass would be in equilibrium under the action of two forces: 

(1) the force g (=mgpo) directed toward 0. 

2) The push of the earth, which is equal and opposite to this, say Wo. 

But the earth does rotate, and m revolves daily on a circle of radius 
r at latitude @. It (the mass) has, therefore, an acceleration toward P; 
it is pulled toward the center of that circle by a suitable force, of 
magnitude mv*/r. Where does this force come from? The answer to this 
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is the crux of our inquiry. The answer is: it has to be supplied by 
g. gq is thereby diminished, and what is left of g, after mv*/r is pro- 
vided for, is the force W. This W is the weight of m. It is the force 
that gives rise to the acceleration g, and we come to W =mg. Thus 
the weight of a body is not the total gravitational pull of the earth 
on it; it is that pull diminished by the force required to keep it in its 
circular path. At the poles, naturally, W and gq are identical. 


F 














Let’s look at it another way: The force g( = mg), is unaltered by the 
earth’s rotation, but W» (the negative of it) 7s changed. How is it 
changed? It must now be such in magnitude and direction that, when 
added vectorially to mgo it will provide mv*/r, toward P. It would 
then be a force F, say. And the opposite of F is W, the true mg of m. 
And its direction is not toward 0. 

It is left as an exercise to show that analytically we may write 


g=go—’R cos? 6, very nearly. 


The diminution in g is obviously greatest at the equator (6=0). 
In this equation, w is the angular velocity of the earth, and RX the 
radius. Approximately, R = 6.4 x 10° meters, 


w=1 rev/day=7.3X10> rad/sec. 


At the equator, therefore, W and q differ by about 3%. 


Curtain wall panels made of cellular glass covered with porcelain enamel now 
are available. Designed for non-loadbearing walls, the panels combine good in- 
sulating qualities with attractiveness. Now being used in a Missouri grade school, 
the panels are lightweight, vermin-proof, long-lived, fireproof and dimensionally 
stable. 





THE USE OF VARIATORS IN THE TEACHING 
OF ALGEBRA 


CarRL H. DENBOW 
Ohio University, Athens, Ohio 


Recent progress in engineering, in particular the wide use of analog 
computers, has a special significance for teachers of mathematics. We 
see, in this new field, another illustration of the profound interrela- 
tionship between mathematical and mechanical devices. We see addi- 
tional evidence not only that the wheel, the lever, and the gear em- 
ploy and embody the concepts of the variable, the linear function, 
and the four fundamental operations; but also that these relation- 
ships are of theoretical and practical importance. 

In analog computers the basic concepts of mathematics are incor- 
porated into mechanical devices, sometimes of the simplest sort. For 
example, two gears in the ratio of 1:3 are used to multiply or divide 
by three. A variable may be represented by a moving part, or by a 
variable lever ratio, or in other ways. 

When a wheel turns, any point on its circumference goes twice as 
fast, and twice as far, as a point halfway out from the center; and 
three times as far as a point one-third of the way out from the center; 
and so on. That is to say, every turning wheel embodies the idea of 
variable, and of any (positive) multiple of a variable, as well as other 
mathematical concepts. This fact can be utilized, not only in com- 
puters, but also in teaching devices. 

The writer has used some of the relationships between mathematics 
and machinery in developing a set of devices, called variators, whose 
purpose is to help pupils to see and understand algebraic concepts 
and processes. Among the concepts which can be illustrated by varia- 
tors are: the variable (here denoted by x), the sum of x and a con- 
stant, the general linear function ax+0, negative numbers, graphs, 
and the solution of linear equations. 

In describing variators we will begin with the very simplest type, 
even though this type is of limited value in the classroom. The sim- 
plest variator is a flexible rubber band, (or spring, or mechanical de- 
vice which stretches uniformly), on which are evenly spaced marks 
representing zero, x, 2x, etc. When the 0 point of this band is placed 
on the 0 of a ruler or scale, and the band stretched until the x point 
is on 2, say, then the next mark will be on 4, the next on 6, etc. This 
variator teaches the pupil the meaning of variable, and twice a vari- 
able, and three times a variable, and so on, thus introducing him to 
the idea of function. He can use it to evaluate 3x when x=2 for 
example; and conversely to solve 3x=6 and find x. Due to its inac- 
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curacy, however, and clumsiness of handling, this variator is of 
limited usefulness as a teaching aid. 

If we take from the variator just described its basic principle, that 
of moving pointers along a scale to picture x, 2x, 3x, etc., and add to 
it the principle of the wheel mentioned earlier, a more useful variator 
is obtained. That is, we can attach chains to a (sprocket) wheel, at 
different distances from its center, so that turning the wheel will 
move the chains along a scale. Pointers which are marked x, 2x, 3x, 
are attached to three such chains. When the x pointer is at 2.5, the 
2x pointer is at 5, 3x =7.5, and so on. A variator of this kind is manu- 
factured by the W. M. Welch Scientific Company, of Chicago, and 
is called the “‘X-Plainer.” It is not only more accurate and more fas- 
cinating to pupils than the band variator described above, but it also 
solves more complicated linear equations. On the chain carrying the 
2x pointer, for example, we can attach a movable marker, 3 units to 
the right of 2x. This marker will give the value of 2x+3 for any x. 
The insight gained, in this manner, into the meaning of the function 
y =2x+3 is more visual, and hence more concrete, than that gained 
by the usual statements introducing functions, such as ‘‘the circum- 
ference is a function of the radius.”’ The solution of equations, such 
as 3x—2 =10, the addition and subtraction of negative numbers, and 
the multiplication of negative numbers by positive numbers are also 
illustrated by the x-Plainer. The writer’s classroom experience with 
this type indicates that it has great value in overcoming fear of alge- 
bra, creating interest, and teaching basic ideas during the crucial be- 
ginning weeks. 

The reader can readily design other mechanical devices which solve 
the same problems and illustrate the same concepts as the variators 
described above. The writer has used a bar linkage (resembling a set 
of pantographs joined end to end, or similar to the extensible porch 
gates used to constrain children), mounted on a scale, to demonstrate 
algebraic concepts. Except for its lack of accuracy it is a valuable 
instrument. A circular slide rule, with several concentric uniform 
scales, embodies the principle of the wheel. Its drawback, for the pupil 
who is to study rectangular graphs, is in its curved scales, which re- 
semble neither Cartesian nor polar coordinates. 

One who has observed, in the classroom, the ease with which pupils 
learn certain algebraic concepts by means of pointers moving on a 
scale is led to consider the relation between variators and graphical 
methods. The ordinary rectangular graph of y=2x+3, for example, 
enables us to find y for a given value of x, and conversely to solve 
such equations as 2x+3=11. All the processes which can be illus- 
trated with variators can, of course, be performed graphically, so that 
if graphs were clearly understood by, and fascinating to, the beginner 
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in algebra, there would be little need for variators. This does not seem 
to be the case, perhaps because the concepts of mechanics are more 
familiar to contemporaries than the concepts of geometry; perhaps 
kinetic relations are more easily grasped than static ones. Be that as 
it may, the importance of graphs, not only as a teaching aid in alge- 
bra, trigonometry, and calculus, but also as a fundamental tool of 
applied mathematics on all levels, and also as a far-reaching branch 
of pure mathematics, requires that we use every effort to facilitate 
their understanding. Variators, because they employ number scales, 
provide a link with graphical concepts; a still closer link is provided 
by the graph variator, described next. 

The graph variator, shown in Fig. 1, consists of certain lines drawn 
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on an xy coordinate system, (lines through the origin with slopes 3, 
3, 2, and 3 are shown in the figure), plus a “sliding y axis,” VV, 
which can be moved to right or left, remaining always parallel to the 
y axis. 

To solve 3a=2, for example, on the graph variator, a movable 
marker is placed at 2 on the sliding y axis, which is then moved, to 
right or left, until this marker meets the line y = 3x. The answer, x =6, 
is read off on the x axis. (See Figure 1). 

Additional movable markers on the sliding y axis, like those men- 
tioned above on the X-Plainer, facilitate the solution of more general 
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equations, such as 3x —1=8, or jx —1=3, etc. In each case the given 
values (8, 3, etc.) of the linear expressions are read on the sliding y 
axis, and the values of x are found on the x axis, so that the funda- 
mental idea of point-plotting is made vivid through use. 

It should be noted that the “‘parallel drawing boards” used by 
draftsmen, which have very accurate sliders and are available com- 
mercially in several sizes, can be converted to graph variators merely 
by affixing a sheet of graphs, and attaching movable markers and a 
number scale to the slider bar. 

After the simpler uses of the graph variator have been mastered 
the graphs shown in Fig. 1 can be replaced by a larger sheet, showing 
all four quadrants, and with the graphs of additional equations such 


as y= —2x drawn, in order to extend the pupils’ equation-solving 
experiences (—2x+3=8, x= —2, etc.), and to allow the pupils to 


discover the laws of signed numbers. 

The graph variator has the great teaching advantage that, by using 
lines to solve algebraic problems, it shows the utility of graphs and 
the close relationship between algebraic and graphical methods, 
while by the manner of its employment it uses and solidifies basic 
graphical concepts. A line or curve is seen to be a device for showing 
the related x and y values, rather than an object of primary interest. 
Moving the sliding y axis across a parabola, for example, gives a 
“moving picture” concept of the way in which y changes with x, and 
enhances the meaning of the quadratic function. 

It may be noted that at the 1953 spring meeting of the Ohio Council 
of Teachers of Mathematics Sheldon Myers of Ohio State University 
presented some interesting devices, quite different from the graph 
variator, for making vivid the functional relationships between two 
variables. 

A word of acknowledgment: Mr. Woodrow Farrell, of Chauncey, 
Ohio, a former algebra teacher, pointed out to the writer the possi- 
bility of using the commercially available draftsmens boards as varia- 
tors, and gave other valuable help and encouragement in their de- 
velopment, as did Professor F. T. Paige of Ohio University. 


BOOKS OR ARTICLES FOR CHEMISTRY LIBRARY FOR 
DEVELOPMENTAL READING 


If you have read a book or an article which you think the enterprising student 
of elementary college chemistry or high school chemistry would profit by reading, 
you might pass the information along. 

A master’s thesis is being undertaken by Mr. James Halm under the direction 
of Dr. Theodore A. Ashford at St. Louis University. The object is to compile a 
bibliography which would be useful to teachers of elementary chemistry and 
may serve as a guide in enriching the chemistry library. Send the title of the book 
or article, together with a characterization in a few sentences, to Dr. Ashford. 
This need not be restricted to recent publications. 








PROBLEM DEPARTMENT 


CONDUCTED BY G. H. JAMISON 
State Teachers College, Kirksville, Mo. 


This department aims to provide problems of varying degrees of difficulty which 
will interest anyone engaged in the study of mathematics. 

All readers are invited to propose problems and to solve problems here proposed. 
Drawings to illustrate the problems should be well done in India ink. Problems and 
solutions will be credited to their authors. Each solution, or proposed problem, sent 
to the Editor should have the author’s name introducing the problem or solution 


as on the following pages. 

The editor of the department desires to serve its readers by making tt interesting 
and helpful to them. Address suggestions and problems to G. H. Jamison, State 
Teachers College, Kirksville, Missouri. 


SOLUTIONS AND PROBLEMS 


Note. Persons sending in solutions and submitting problems for solution 
should observe the following instructions. 

1. Drawings in India ink should be on a separate page from the solution. 

2. Give the solution to the problem which you propose if you have one 
and also the source and any known references to it. 

In general when several solutions are correct, the ones submitted in 


the best form will be used. 
Late Solutions 


2353. C. W. Trigg 
2358. Martin Schmookler, Scranton, Pa.; H. M. Feldman, St. Louis. 
2354, 5, 7 and 2365, 6, 7. V. S. Narayanan, Pudukkottai, India. 
2371. Proposed by Marvin Sitts, Flint, Mich. 
Show that the series is convergent: 
1 1-3. 2-3-35,79-3-5°7 
2°24 2462468 °° 
Solution by John Jones, Jr., Mississippi Southern College 


Oa 


Consider the series generated as follows 


which converges for —13%381. 
Let x=1, thus we have, 
1 1 1-3 1-3-5 
Jj/2 2°24 246 ~~ 
;, A solution was also offered by L. Moskowitz, Brooklyn; H. M. Feldman, St. 
Auis. 
2372. Proposed by Leon Bankoff, Los Angeles. 
In triangle ABC, altitudes AB, BE, CF, intersect in the orthocenter H. Show 
that 
BC-BH-CH+CA-AH-CH+AB-AH:BH=BC:-CA- AB. 
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First Solution 
C. W. Trigg, Los Angeles City College 
The area of a triangle with sides x, y, z is xyz/4R, where R it the circumradius. 
Furthermore, the circumcircle of the triangle formed by two vertices and the 
orthocenter of a given triangle is equal to the circumcircle of the given triangle. 
(See, e.g., N. A. Court, College Geometry, Johnson (1925), page 84, Th. 143.] 
Now if the triangle ABC is acute, by equating the areas of the three triangles 
determined by the orthocenter and the vertices of ABC taken two at a time to 
the area of ABC, and multiplying through by 4R, we have 
BC -CH -HB+CA -AH -HC+AB -BH -HA=BC -CA -AB. 
If the triangle is right-angled at A, then A and H coincide, so we have the 


identity BC-CH: HB=BC-CA- AB. 
If the triangle is obtuse-angled at A, then by equating areas we have 


BC:CH:HB+CA:-AH:-HC+AB:-BH:HA=BC:-CA:AB. 
Second Solution 
By the Proposer 


In similar triangles AFH and BCF, 








BC 
—— =——=tan A 
AH AIF 
Similarly 
CA 
—=tan B 
BH 
and 
AB 
—=tan C. 
B 
D 
F 
H 
A £ ~ 
Since 


tan A+tan B+tan C=tan A tan B tan C 


it follows that 
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BC CA AB BC-CA-AB 
AH’ BH’ CH AH-BH-CH 
and 
BC-BH:-CH+CA-AH-CH+AB-AH:-BH=BC-CA-AB. 
A solution was also offered by A. R. Haynes, Tacoma, Wash. 


2373. Proposed by Leon Bankoff, Los Angeles, Calif. 


AB, AC, and AD are sides of a regular decagon, hexagon and pentagon 
respectively inscribed in a circle, diameter AH. E, F, and G are projections of 
B, C, D, respectively, on AH. Show that AE=FG. 

Solution by Leon Bankoff, Los Angeles, Calif. 

It is known that AB=R(./5—1)/2; AC=R; and AD=RV10—2, 5/2, where 

R is the circumradius of the three polygons. Hence 


A D*?=AB?+AC?. 


Now 
AD*=AG-AH; AB*=AE-AH AC*=AF- AH. 
So 
AG: AH=AE-AH+AF:-AH 

and 

AG=AE+APF, 
but 

AG=FG+AF 
so 














Solutions were also offered by A. R. Haynes, Tacoma, Wash.; L. Moskowitz, 
Brooklyn; Oscar Marinott, Denver; C. W. Trigg, Los Angeles City College; 
Julian H. Braun, Washington, D. C. 
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2374. Proposed by W. R. Talbot, Jefferson City, Mo. 

If a and 6 are used to replace distinct non-zero digits in the decimal system, 

find their values in the equation 
(ab)?+-(ba)? = [2(ad) ]?-+-(a+0)2. 

Show that in a general sense there is an infinite number of solutions. 

What relation between a and b will permit one of them to be negative and still 
yield solutions (in the general sense)? 

Solution by the proposer 

If we set ab=10a+5 and ba=10b+<a, we get the equation 

51a?+-7ab—16b?=0 
from which }=2a or b=(—25a)/16. With b=2a, we get four simple solutions 
12?+-21? = 24?+ 3; 244-42? = 48?+-6?; 36?+-63?=72?+-9?; 482+ 847= 967+ 12?. 

It may be noticed that the number of digits in a is immaterial. If, for example, 
a=172 and b=344, then ab=1720+344=2064, and ba=3612. It is true that 
2064? +- 3612? = 4128*+-5167. In this general manner, the number of solutions is 
unlimited. 

We may have a or Bb negative in this general sense if b=(—25a)/16. As an 
example, let a= —32, then b=50 and ab= —320+50= —270. Then ba=468. It 
is true that 270?+-468? = 5407+ 18?. 

Solutions were also offered by: Nathanel Grossman, Aurora, Ill.; C. W. Trigg, 
Los Angeles College. 

2375. Proposed by Norman Anning, Ann Arbor, Mich. 

If, with A and B both acute, sin A =0.28, sin B=0.352, evaluate 34 +2B ap- 
proximately and then exactly. 

Solution by Julian H. Braun, Washington, D. C. 

Since both A and B may lie in either the first or second quadrants there are 
four possible combinations and the complete series of approximations (found 
by referring to seven place tables) is as follows: 

A= 16°15'.1612+2nx, B=20°36'.582+2mz, 3A +2B= 90°0’.000+ 2k. 

A= 16°15'.612+2nx7, B=159°23'418+2mz, 3A4+2B= 7°33'.6724+2kr. 

A= 163°44’.388+2nr, B= 20°36'.582+2mx, 3A+2B=172°26'.328+2kr. 

A= 163°44’.388+2nr, B=159°23’.418+2mzxz, 3A+2B= 90° 0'.000+2kr. 
To obtain exact solutions, first we find 

cos A= +0.96, cos B= +0.936, 
and substituting the identity 
sin (3A+2B)=sin 3A cos 2B+ cos 3A sin 2B 
=(3 sin A—4 sin’ A)(1—2 sin? B)+(4 cos* A—3 cos A)(2 sin B cos B), 
we obtain 
sin (3A +2B) =(0.752192)? + (0.658944)? 
=1, 0.131585609728. 
Thus we obtain all of the exact values: 
3A4+2B=7/2+2kn (k=0, +1, +2---), arc sin (0.131585609728). 


A solution was also offered by C. W. Trigg and L. Moskowitz. 
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2376. Proposed by Isaac Bunn, Pomulus, N. Y. 

In a triangle A BC, prove that 

a sin (B—C)+6 sin (C—A)-+¢ sin (A—B) =0. 
Solution by L. Moskowitz, Brooklyn 

The left side is equal to: 

a(sin B cos C—cos B sin C)+b(sin C cos A—cos C sin A)+c(sin A cos B—cos A sin B) 
=a sin B cos C—a cos B sin C+6 sin C cos A—5b sin A cos C +csin A cos B—c sin 
B cos C 


But in a AABC, 
asin B=b sin A 


asin C=c sin A 

b sin C=c sin B 
*, the expression is equal to: 

b sin A cos C—c sin A cos B+c sin B cos A—b sin A cos C+c sin A cos B 
—c sin B cos C=0 
Solutions were also offered by: Cecil B. Read, University of Wichita; Oscar 
Marinoff, Denver; Leon Bankoff, Los Angeles; Walter R. Warne, Mt. Pleasant, 
Iowa; Nathaniel Grossman, Aurora, IIll.; C. W. Trigg, Los Angeles City College; 
A. R. Haynes, Tacoma, Wash.; Herta T. Freitag, Roanoke, Va. 
HIGH SCHOOL HONOR ROLL 


The Editor will be very happy to make special mention of high school 
classes, clubs, or individual students who offer solutions to problems sub- 
mitted in this department. Teachers are urged to report to the Editor such 
solutions. 

Editor's Note: For a time each high school contributor will receive a copy 
of the magazine in which the student’s name appears. 

For this issue the Honor Roll appears below. 

2372, 5. Geoffrey Kandall, Far Rockaway, N. Y. 
PROBLEMS FOR SOLUTION 
2389. Proposed by Leon Bankhead, Los Angeles 

AB is bisected in C, and D is any point on CB. Semicircles are described on the 
same side of diameters AC, CD, DB and AD, and a perpendicular to AB at C 
cuts semicircle AD in E. Show that the combined areas of the semicircles AC 
and CD are equal to the combined areas of the semicircle DB and the circle on 
diameter EC. 

2390. Proposed by W. R. Warne, Mt. Pleasant, Iowa. 
If a, b, c are in harmonic progression then 
a b c 
b+c c+a a+b 
are also in harmonic progression. 
2391. Proposed by Mrs. Edith M. Warne, Syracuse, N.Y. 
If 
4x=3a cos 0+< cos 3 
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and 
4y=3a sin 0—a sin 30 
show that 
(a?@—x?— y?)§ = 27a%x2y?, 
2392. Proposed by Norman Anning, Alhambra, Calif. 
For what real values of x is x‘— 78.0001 x*+-1521 negative? 
2392. Proposed by Nell Osborn, Camden, N. J. 
Prove that the area of triangle A BC is (a?+-8?+-c?)/4(cos 4+cos B+ cos C). 
2394. Proposed by Leon Bankhead, Los Angeles. 
If H is the orthocenter of triangle ABC, show that the inradius is equal to 


abe 
a(BH+CH)+b(AH+CH)+c(AH+BH) | 
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for Mathematics. Bulletin 1953. No. 5. Pages viiit+-47. 15X23 cm. Superintendent 
of Documents, Government Printing Office, Washington 25, D. C. Price 20 cents. 
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Tue Atom Srory, by J. G. Feinberg, M.Sc. With illustrations by Lewis and a 
foreword by Frederick Soddy, F.R.S. Cloth. Pages vii+243. 13.521.5 cm. 
1953. The Philosophical Library, Inc., 15 East 40th St., New York 16, N. Y. 
Price $4.75. 

Author Feinberg begins his story in Ancient Greece and ends it with a ques- 
tion, ‘Is the atom preparing the road to: a millennium or an Armageddon?” Many 
of his non-academic readers may grow weary as he traces the “‘evolution of the 
atomic concept from the speculations of Greek philosophers through the theory 
of the phlogistonists followed by the assumptions of Quaker Dalton and his 
failure to clear a “‘road block” presented by the molecule and the final triumph 
of Cannizzaro in removing the molecule from the role as a competitor to that of 
aid in revealing atoms’ weights. After these first six chapters, if the reader is 
still reading, he may find alertment in a chapter on “Rays Called X.” From that 
point interest may up-grade in the sixteen remaining chapters. In them he will 
meet ‘“‘atom rays,” “atom smashing,” “atoms’ crumbling” and finally “the 
chain reaction.” The implications of the atom’s new significance for man are as- 
sessed in the four concluding chapters in whose captions the words millennium, 
Armageddon, peace and war are important. 

Author Feinberg, an English biochemist, writes in a chatty informal manner 
carrying his narrative into the pattern of analogy often and to the satisfaction of 
an understanding reader. The reviewer found his frequent anecdotal asides 
both rewarding and a lift to his interest. The teacher alert to fruitful new leads 
for clarification of atomic structure and quantum mechanics will find that this 
book has much to give. 

Two appendices, a glossary and a six page double columned index cater to 
student use. Twenty-four line drawings and diagrams are provided. No bibli- 
ography or documentation is to be found, however. Appendix A is a complete 
reprint of the pamphlet “Survival under atomic attack” by the United States 
Civil Defense. Appendix B has to do with “Atomic tools.” The last four chapters 
are likely to get the greatest approval not the least reason being that they give 
an Englishman’s account of the topics. 

B. CLIFFORD HENDRICKS 
Longview, Wash. 


Tue Soviet Impact on Society, A RECOLLECTION, by Dagobert D. Runes. 
Foreword by Harry Elmer Barnes. Cloth. Pages xiv+202. 14.5X22.5 cm. 
1953. Philosophical Library, Inc. 15 East 40th St. New York, $3.75. 


The author, in a note to the reader, says, “This book was written fifteen years 
ago. Not a sentence has been added to the text nor has any part (been) with- 
drawn. .. . It could find no publisher (at that time.)” The “social climate” in 
America has changed in fifteen years. Its publication date, it will be noted, was 
1953. 

The treatment follows the order: Part I, Biography of Karl Marx and the evo- 
lution of his philosophy of surplus value and expropriation; Part II (eighty plus 
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pages) sketches the failure of Marx’s more acceptable objectives when the phi- 
losophy was sovietized; Part III is a three chapter series of illustrations of the 
soviet techniques of infiltration in Austria, Bavaria and China respectively. 
And lastly, Part IV closes the program of particulars with “Red front against 
democracy” in general and in America in particular. 

The publishers, in their fly-leaf blurb, promise that in this volume will be found 
help for “‘The solution to the problem of whether soviet society is to be regarded 
as a positive or negative force in our time.” The author sets the criterion for 
assessing that force as, “(Does it further) the general raising of human stand- 
ards?” He narrates but does not document a preponderance of historic occur- 
rences but all to support the negative. Copious quotations of statements by lead- 
ers and fellow travelers of communism are used in the presentation. His 1953 
warning (in the note to the reader) is, ‘‘We stand today at the eve of new anti- 
human and anti-Jewish purges.” 

The author does not claim to think, without emotion, of events too harrowing 
for “cold” appraisal. The reader, therefore, preconditioned to make allowances 
for the passionate ardor of the author of this fifteen year old manuscript, will 
find in it a review and amplification of historic happenings pertinent to an under- 
standing of our times. Coming from the pen of one who as a Ph.D. from the Uni- 
versity of Vienna was where events transpired, is alerting to say the least. 

B. CLIFFORD HENDRICKS 


From LoDESTONE To Gyro-Compass, by Captain H. L. Hitchins, C.S.E., R.N’ 
(Ret.) Formerly Director, Compass Department, Admiralty; and Commander 
W. E. May, R. N. With 33 line drawings and 19 plates. Cloth. Pages 219. 
14.0X 19.5 cm. 1953. The Philosophical Library, 15 East 40th St., New York 
16. N. Y. Price $4.75. 


Casual readers of history are probably not aware that, until the compass was 
provided, explorations were largely restricted to those that ever kept the “sight 
of land” as a guide to location. The book, under review, helps increase the read- 
er’s estimate of the importance of that ‘“‘gaget’s”’ place in the picture. 

Starting with legendary accounts of the utilization of the magnetic needle as a 
direction finder, the story moves on with accounts of charting the earth’s mag- 
netic field, errors of magnetic compasses as used on ships, improvement of the 
magnetic compass, an account of the improvement of interconnection of the 
various compasses upon a given ship, and the final appearance of the gyro- 
compass and the later need for compasses for aircraft. Aircraft needs lead to the 
so-called inductor compasses. Two chapters report on compasses of unusual 
types including sun-compasses. 

“This is not a technical handbook nor a complete treatise; it is an introduction 
to all branches of the subject of compasses.” It has an interest to the technical 
man, however, by reason of the history, briefly told, but is probably of more 
appeal to the general reader who finds the story of science and its applications of 
interest. 

B. CLirrorp HENDRICKS 


Wits HAVILAND CARRIER, FATHER OF AIR CONDITIONING, by Margaret Ingels. 
Foreword by Cloud Wampler. Cloth. Pages iv+170. 14.0X22.0 cm. 1952. 
Country Life Press, Garden City, N. Y. Price $2.50. 


Willis Haviland Carrier described his pattern of action as, “I fish only for edible 
fish, and hunt only for edible game—even in the laboratory.”’ After a perusal 
of this biography one is impressed by the percentage of edibles there was in the 
stream of air-conditioning. 

This is the story of an electrical engineer turned mechanical. Starting as a 
draughtsman for the Buffalo Forge Company, manufacturers of “blowers, 
exhausters and heaters” he was very soon director of the Department of Experi- 
mental Engineering. He was never content with first fruits of innovation. This 





BOOK REVIEWS 77 


forward thrust of his kinetic mentality is, in a sense, measured by the bibliogra- 
phy of some 161 papers listed in an appendix of the book. 

While he entered his active career with the Buffalo Forge Company he, at 
his life’s end, at 74 was Chairman Emeritus of Carrier Corporation. Those last 
two years were spent lying “horizontal twenty hours per day” but not in passive 
resignation. ‘“‘Mainly he was on his back, a pad of paper on his knees, his slide 
rule close at hand.” 

Miss Ingels, a graduate woman engineer, has done an unusual piece of writing 
in this biography. True to her engineering training she has packed a lot into the 
scarcely more than 100 pages of narrative. In further keeping with that training 
she has assembled a 50 page chart of “Chronological Table of Events Which 
Led to Modern Air Conditioning.” It starts with the year 1500. In preparation 
for the book’s composition she spent many afternoons, ninety-six in all, inter- 
viewing Dr. Carrier himself. That additional to a perusal of Carrier’s papers, 
previously mentioned, and 95 books and pamphlets in supplementary references, 
also listed. 

The vocabulary is non-technical and the story is so well told that interest is 
self-sustaining. It has attractions both for vocational incentive and its splendid 
series of applications of the principles of heat control and transmission. 

B. CLIFFORD HENDRICKS 


ORGANIC CHEMISTRY, second edition, by Ray Q. Brewster, Professor of Chemistry, 
The University of Kansas. Cloth. Pages xii+853. 14.523 cm. 1953. Prentice- 
Hall, Inc., 70 Fifth Avenue, New York 11, N. Y. Price $7.00. 


The past five years many college sophomores and juniors have had their first 
introduction to organic chemistry through the pages of the first edition of this 
text. The second edition is an improvement on a book which had an excellent 
rating in the first edition form. 

Chapter One of the text treats general principles and includes such topics as the 
historical development, the broad field of organic chemistry, electronic structure, 
the covalent bond, dipole moments, resonance, bond energies, and the determi- 
nation of molecular formulas. 

The remaining chapters are arranged according to the classical treatment. 
Part I consists of nineteen chapters and deals almost wholly with aliphatic 
compounds, while Part II consists of fourteen chapters and deals mainly with 
aromatic compounds. Each chapter is followed by suitable questions and prob- 
lems which should serve to stimulate the students and aid in teaching. 

The author has tried successfully to keep the revised edition from becoming 
encyclopedic in size. The first edition had 840 pages, while the revised edition 
has 853 pages. In order to add new material, it was necessary in some cases to 
eliminate and in other cases to condense material found in the original text. 
Subjects given expanded treatment are the chemistry of acetylenes, fluorine 
compounds, and face radical mechanisms. An entire new chapter treating the 
subject of organo-metallic compounds has been added. 

Although the reviewer feels that the book would have been strengthened by 
source book references at the end of each chapter, he is well pleased with the 
revised eidtion; he feels that Professor Brewster should be complimented on 
having produced a very teachable introductory textbook of organic chemistry. 

GERALD OsBORN 
Western Michigan College of Education 
Kalamazoo, Michigan 


REAL Functions, by Casper Goffman, Associate Professor of Mathematics, Wayne 
University. Cloth. Pages xxii+479. 15X23 cm. 1953. Rinehart and Company, 
Inc., 232 Madison Avenue, New York 16, N. Y. Price $6.00. 


This is a textbook on the first year graduate level—as might be expected, the 
reader needs a considerable mathematical maturity, rather than specific back- 
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ground courses. The approach is from the viewpoint of set theory, and the book 
seems one that might prove very satisfactory as a class text. There are more 
exercises than in many graduate texts. The individual attempting to use the book 
as a reference, and not being familiar with the symbolism, wil! have considerable 
trouble (a list of symobls used might be helpful for the student using the work as 
a text). There is a brief set of references at the end of each chapter 
Textbooks at this level are obviously not as common as for freshman college 

courses; they should, however, be well written, unfortunately not always the 
case. This text seems to have a style which the student could follow; it contains 
enough material for a full year course, yet not so much that major portions of 
the book must be omitted; the treatment is sound; in other words, this is a text 
which should not be ignored in making a choice. 

Cecit B. READ 

University of Wichita 


MATHEMATICAL RECREATIONS, Second Revised Edition, by Maurice Kraitchik. 
Paper. 330 pages. 1320.5 cm. 1953. Dover Publications, Inc., 1780 Broad- 
way, New York 19, N. Y. Price $1.60 Paper bound $3.00 Clothbound. 


This is a second revised edition of a work that has had deserved popularity. 
If there is not a copy in your school library, be sure to see that one is placed there 
(you will probably want one for your personal library). Here you will find recrea- 
tional material of all sorts—topics for mathematics club programs, extensive 
material on magic squares, mathematics applied to chess and checkers, simple 
parlor tricks with a mathematical basis, methods of arranging schedules for 
tournaments, problems dealing with probability, ‘‘false-coin” puzzles, perpetual 
calendars, perfect numbers, prime numbers, and so on almost ad infinitum. 
Among other things, you will find solutions to many of the puzzle problems 
which reappear from time to time, and to which every mathematics teacher is 
supposed to have a solution. It is the fact that a solution appears with essentially 
every problem proposed that makes the book particularly valuable. 

Although there is some common material in all books on mathematical recrea- 
tions, this volume has such a varied selection, appealing to so many different 
interests, that the reviewer can hardly say enough in its praise. An earlier state- 
ment should be corrected—do not place a copy of this in your school library— 
get at least two, for one will soon be worn out. It may not be a good book to leave 
loose in the classroom, for you may have difficulty getting students to leave it 
alone and turn to the course text. Certainly the very large majority of the ma- 
terial is within the grasp of (and will be interesting to) high school students; 
yet it will intrigue the college student and teachers at all levels. This is not a book 
on mathematical theory—it entertains and fascinates—true mathematical recrea- 
tion. 

Cecit B. READ 


TEACHING SCIENCE IN THE ELEMENTARY ScHooL, by R. Will Burnett, Pro- 
fessor of Science Education, University of Illinois, and Science Editor, World 
Book Encyclopedia. Cloth. Pages xv+541. 17.5X25.5 cm. 1953. Rinehart and 
Company, Inc., 232 Madison Avenue, New York 16, N. Y. Price $5.75. 


This text is one of the most comprehensive and well-balanced books on the 
teaching of science in the elementary school. It deserves a place in the professional 
library of every elementary teacher and elementary school. 

The text is divided into two parts. Part one treats the teaching of science in 
relation to the total elementary curriculum and to principles of child develop- 
ment. Many of the principles are capably illustrated through the use of “cases” 
taken from elementary classrooms. In an early chapter, the statement “Science 
as represented in this volume is not proposed asa separate subject or discipline. 
On the contrary, it is being proposed because experience has shown that, among 
other things, science learnings can be a useful tool in assisting the child to make 
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his necessary adjustments toward independence” is made. This statement of 
basic philosophy is carried throughout the book. 

The implication or function of science in realizing this purpose is most ably 
developed. The author, in his discussion, leads one to believe that a well-informed, 
alert teacher is a must. 

At no time was the reviewer led to believe that science should be an incidental 
interest to be followed. The author leads the reader to believe that the teacher 
must know what she desires to help the students learn, and that these learnings 
may evolve from existing interests. Another statement made by the author 
illustrates this point. ““The problem is not one of raising interest. It is rather the 
problem of directing the interests toward goals beyond the immediate interests 
of the child.” 

Descriptions are given to illustrate the place and function of science in various 
patterns of curricular organization. A list of useable materials for the teaching 
of science is also included. 

Part II of the Text includes a comprehensive presentation of science content 
appropriate to the elementary school. Each topic is discussed in a very simple 
and reasonably complete manner. 

This part of the book also describes many activities that can be used as indi- 
vidual pupil activities, pupil demonstrations or projects, as well as total class 
activities or teacher demonstrations. The activities are well described, are pointed 
toward specific science understandings, and require a minimum of equipment. 

There is a good bibliography of reference books for teachers and pupils at the 
end of each chapter. 

This is a book that gives long-needed specific help to elementary teachers in 
the teaching of science in the elementary school. 

MILTON O. PELLA 
University of Wisconsin 


Our NEIGHBOUR Wor ps, by V. A. Firsoff, M.A. Cloth. 336 pages. 1523 
cm. 1953. Philosophical Library, 15 East 40th Street, New York 16, N. Y. 
Price $6.00. 


“Academic books on astronomy written in a manner to kill even the most en- 
thusiastic interest are common enough; so are accounts of interplanetary travel 
in which the author’s enthusiasm outruns his judgment and knowledge, both of 
which are sometimes scanty. In Our Neighbour Worlds a fully qualified and prac- 
tical astronomer writers graphically and readably on things he knows or has 
good reason for believing, and there is never any possible confusion between 
definite knowledge and personal opinion. A survey of the solar system in conform- 
ity with the most recent information is used as a basis for a careful investigation 
of interplanetary travel which the author thinks should be possible within a few 
decades. The book covers a wide field of modern research and speculation, but it 
is always made clear when the author is presenting theories of his own as con- 
trasted with those generally accepted and taught. Any sound book on astronomy 
must include some mathematical terms, but to avoid frightening any non- 
mathematical readers such aspects in this book are relegated to an appendix, 
which may thrill the professinoal but need not deter the amateur. The author is 
personally convinced that interplanetary communication and travel cannot be 
very far off, a view that is shared by many serious thinkers who only a few years 
ago would have laughed at the idea. Here are presented the facts and reasons that 
largely justify this belief, and readers will, of course, form their own judgment 
on the arguments and deductions.” 

This book possesses immeasurable elegance, in format, in exposition, in fact 
and in fancy. The conjectures are supported by the best of formal evidence for 
the author has received assistance from the British Astronomical Association, 
the Royal Astronomical Society, and the Bristish Interplanetary Society. The 
form is popular but not elementary and a picturesque touch previlas. The leading 
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chapters give background information on the Solar System—its origin, methods 
of inquiry and their limitations. Chapters V to VIII deal with the theory of space- 
flight and allied questions. The last six chapters describe the planets and their 
satellites (Our Neighbour Worlds). The photographs and diagrams are very good 
and the Reference Reading lists are fine. 

This business of interplanetary flight has done more than just catch the fancy 
of the uninformed. The intellectuals who know what they are talking about are 
talking about it. Fifty years ago this might have been visionary but so was the 
telephone and flight in heavier-than-air craft and communication by waves in 
space. We are on the threshold of a new era—the Industrial Revolution will look 
like child’s play when the visions of today are accomplished. 

Among the many books in this field this one ranks with the very best. With 
movies now at a dollar a seat—or two if you go in the evening—this investment 
is far more to be desired. What’s more, you can go back whenever you please. 

Juttus SUMNER MILLER 


CLIMATE, VEGETATION AND MAN, by Leonard Hadlow, B.A., Senior Geography 
Master, Burnage High School, Manchester. 288 pages. Philosophical Library. 
1953. $4.75. 


This is an elegant little book which I read through in a couple sittings. The 
language is elementary and very very attractive. “Travelling at nearly 70,000 
miles an hour, we have been hurled through space as far as Land’s End is from 
John o’Groats before we can count one hundred—.” Part I, The Foundations of 
Climate, discusses the earth, the sun, the seasons, pressure and wind and rain 
and the movements of waters. Part II, Nature’s Response to Climate—Natural 
Vegetation, deals with the flora of the regions of the earth. Part ITI, Man’s 
Response to Climate and Vegetation, describes man’s place in the great scheme 
of things ““The timber is cut down . . . man uses it to build his house, to feed his 
fire, and to fence his farm.” 

Climate and civilization are inseparable concepts. Man’s development, eco- 
nomic, mental and spiritual, depends in large measure on the climate which cir- 
cumscribes him, and civilizations arise, flourish and decay by resaons of climate. 

Although this is essentially a textbook it makes excellent reading and is emi- 
nently informative. The only hostile criticism I can make is that the price is 
much too much! 

Juttus SUMNER MILLER 


MAN AND His PurysicAL UNIVERSE—AN INTEGRATED COURSE IN PHYSICAL 
ScrENCE, by Richard Wistar, Associate Professor of Chemistry, Mills College. 
488 pages. Wiley 1953. $4.75. 


In the last decade the so-called survey course has taken hold in our colleges. 
Its purpose has been reasonably clear. The student who is not specializing in a 
science ought to have some general overall picture of knowledge in this quarter 
and the formal courses in the several fields do not serve this purpose. How to 
meet the objectives upon which we are all sensibly agreed is quite another prob- 
lem, however. The specialists claim that survey courses “water-down”’ the sub- 
ject, but even if the charge is admitted, I must say, what of it! I am essentially a 
physicist but if I want the layman to learn a bit about my work I must obviously 
relate it in a manner which has meaning to him. I cannot address the subject 
through an integral, although this approach may be altogether proper for my 
physics majors. 

Now to meet the problem of the survey course many books have been written. 
By and large these are put together in a segmented fashion—a few pages of phys- 
ics, a few pages of chemistry, and so on. And these few pages are packed with the 
classical theoretical subject matter. The student gets a dose of this for a while, 
then a dose of that, and he comes away with no clearly formulated knowledge of 
of the overall picture of science. This book tackles the problem in an altogether 
different fashion and I believe it has something. 
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The material is organized around topics of general interest. Light is woven 
around photography, which leads logically to color and sound. Weather leads 
to gas laws and kinetic theory. A discussion of everyday experience leads to theory 
—not the other way around! There is no strict segregation of subject matter. The 
sciences play their roles throughout the text, not just in the section usually de- 
voted to them. 

The format is especially attractive; the exposition is very clear; the line dia- 
grams are extremely informative. (Mr. Rudolph E. Fink, who made the drawings, 
deserves the highest commendation.) The chapter summaries are good and the 
questions and exercises quite appropriate. The technical language has been mini- 
mized, a very important matter in my own judgment. Survey courses and text- 
books usually abound in the formal and elaborate language of the specialist and 
the student labors on a vocabulary which he forgets within hours of the final 
examination! 

Whoever is teaching a survey course in the physical sciences ought at once to 
look at this book. The classical complaint is: ‘“‘We just can’t find a textbook for 
this thing!” Here it is. 

JutLus SUMNER MILLER 


FATIGUE OF METALS, by R. Cazaud, Ingenieur du Conservatoire National des Arts 
et Metiers, Docteur de Universite de Paris. Translated by A. J. Fenner, B.Sc. 
(Eng.), A.M.I., Mech.E., Division of Atomic Energy (Production) Minstry of 
Supply. Cloth. Pages xiv+334. 16X25 cm. 1953. Philosophical Library, 
Inc., 15 East 40th Street, New York 16, N. Y. Price $12.50. 


This book furnishes a most comprehensive treatment of a subject which is of 
utmost importance in the use of metals which are subjected to cyclic stresses, 
a very common situation. The author who is an authority in the field of fatigue 
of metals has included in the book a large amount of valuable data from his own 
investigations. This contributes to the understanding of the principles set forth. 
Some of the topics included are: mechanism of fatigue, fatigue testing, influence 
of various factors on fatigue strength, and methods of improving fatigue strength. 

The book makes liberal use of illustrations and tables. The list of references 
included is extensive. The content of the book is well organized and clearly pre- 
sented. It should be noted that the translator is responsible not only for the high 
quality of the translation, but has included some material based on data from the 
author’s work done after the French edition was published. The book should 
serve as a valuable addition in a field in which few books have been published. 

LAWRENCE G. KNOWLTON 
Western Michigan College 
Kalamazoo, Michigan 


Locic AND LANGUAGE, Second Series, edited by A. G. N. Flew, Lecturer at King’s 
College, Aberdeen. Cloth. Pp. vii+242. 13.5X21.5 cm. 1953. Philosophical 
Library, Inc., 15 East 40th Street, New York 16, N. Y. Price $4.75. 


This is the second book in a two book series whose purpose is to provide 

. an introduction to the recent linguistic developments in philosophy. . . .” 
This second book may be read independently from the first book. 

Philosophy has been defined as an unusually persistent effort to think clearly. 
This aim has been borne out in this book, for the essays included aim at clarifying 
such questions and problems as: (1) determining the meaning and truth of our 
assertions, (2) the question of the tenability of the assumption of the uniformity 
of nature, (3) the question of the existence of universal propositions, (4) the mean- 
ing and significance of the proposition ‘every event has a cause,” (5) the nature 
of grading, (6) historical explanation, (7) the nature of mathematical proposi- 
tions, and (8) the problem of theory construction. Each essay is independent of 
the other essays in the sense that any one can be understood without having 
read the others in the book. 

Each essay represents a penetrating analysis of the topic considered. There 
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are plenty of ideas in every one, and the reviewer found he read slowly. Never- 
theless, the language is not difficult, and most of the essays can profitably be read 
by a person having only a “speaking acquaintance” with philosophy. Anyone 
hoping to find a set of specific on “how to clarify your thinking and writing” 
will be disappointed in reading the book. Principles of a general nature are laid 
down but if a person is willing to think through these principles and apply them, 
his thinking should be improved and he should be less likely to be led astray by 
the vagaries of language. 

The book probably will be of primary interest to students and specialists in 
the area of philosophy and linguistics. Two of the essays, the one on the uniform- 
ity of nature and the one on the nature of causation perhaps will be of interest 
to science teachers of a philosophical bent. Mathematics teachers who are inter- 
ested in the philosophy of mathematics will find the essay on the nature of mathe- 
matical propositions and the one on theory construction stimulating. 

K. B. HENDERSON 
University of Illinois 
Urbana, Ill. 


THe FourtH MENTAL MEASUREMENTS YEARBOOK, Edited by Oscar Krisen 
Buros. Cloth. Pages xxiv+1163. 18X25.5 cm. 1953. The Gryphon Press, 
220 Montgomery Street, Highland Park, N. J. Price $18.00. 


This volume is the seventh in a series designed to assist test users in the loca- 
tion and evaluation of tests and books on testing. This book covers the four year 
period from 1948 through 1951. Approximately two-thirds of the volume is de- 
voted to an attempt to list all commercially available tests (educational, psy- 
chological, and vocational) published during the period involved. In addition 
certain older tests, not previously covered in the series of books, are considered. 
Tests, in many cases, are reviewed specially for this volume. In addition, excerpts 


from test reviews published elsewhere are given. More than half of the tests 
listed have been reviewed by more than one individual. Approximately 75 tests 
are listed in the field of mathematics, with detailed appraisal of approximately 
half of these, and in many other cases there is a reference to a source where 
appraisals may be found. There are more than 50 tests in the field of science listed; 
some in the general field of science, some in specific fields. 

In the section “Book Reviews,” excerpts from reviews published elsewhere 
are given. At first thought, one wonders why there are no review excerpts for 
statistical books, but it is pointed out in the preface that these are available in 
another publication. (Cross-references to such reviews are given.) 

It would indeed seem doubtful if one could find anywhere such a careful analy- 
sis of available tests in the various fields. Certainly, such critical reviews would be 
of almost immeasurable value in the selection of tests either for individual 
classroom use, or for a larger testing program. It seems unfortunate that the high 
price of the book will place it beyond possibility of purchase by many individuals; 
however, any school system contemplating the adoption of a commercially pub- 
lished test might well save much more than the cost of this volume. 

There are excellent indices. For example: a classified index of tests, an index 
of names, an index of titles, a periodical directory and index (with references to 
test and book review excerpts), and a publisher’s directory and index. 

Not only does the book give tests in the special fields of science and mathe- 
matics—one finds achievement batteries, tests of character and personality, 
reading tests, vocational tests, intelligence tests, and tests in other special fields 
such as: English, foreign languages, fine arts, etc. This volume as a whole seems 
an exceptionally accurate attempt to appraise tests and books relating to tests 
and measurement. The test specialist will consult it almost daily; the occasional 
user will find it probably unexcelled. 

Cecit B. READ 
The University of Wichita 





